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EXECUTIVE SUMMARY

This report presents the completed Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) Feasibility Study (FS) of Remedial
Alternatives for the K-Area Bingham Pump Qutage Pit.(KBPOP).at the Savannah River
Site (SRS), South Carolina. This FS was developed in accordance with CERCLA
‘guidance developed by the U.S. Environmental Protection Agency (USEPA).

The KBPOP is one of four BPOP areas at SRS. The KBPOP is designated as the
lead unit in the BPOP Approved Standardized Corrective Action Design (ASCAD™)
waste unit group. As the lead FS for all BPOPs in the BPOP ASCAD™ group, this
document identifies potential technologies and process options for all BPOPs. The
selected technologies and process optlons will form the basis for FSs conducted at all
BPOPs. The development and screening of alternatives will also apply to all BPOPs in
the waste group, while the detailed analy51s of alternatives was conducted for the specific
conditions at K-Area.

The K-Reactor is located in the west-central portion of SRS, approximately 4 miles
east of the nearest SRS boundary. One pit exists at K-Area, situated immediately south
and outside of the K-Reactor fence. The pit is approximately 400 feet long and 60 feet
wide. The depth of excavation at KBPOP ranged from nine to 14 feet. Debris in the pit
reportedly consists of miscellaneous construction materials such as pipes, cables, ladders,
drums, and boxes of miscellaneous hardware. The KBPOP was backfilled with
approximately four feet of fill material in 1958. The site is now an open grassy area and
the pit boundaries are marked by orange ball markers and concrete monuments. Annual
inspections are conducted for signs of soil subsidence, and sunken areas are filled to
grade as needed.

. The Remedial Investigation (RI) Report With Baseline Risk Assessment (BRA) for
the K-Area Bingham Pump Outage Pit (WSRC-RP-95-1555, Rev. 1.2, WSRC 1997)
concluded that minor concentrations/activities of constituents have migrated from the pit
into the surrounding soil horizons; however, horizontal migration is limited to the
boundaries of the pit and vertical migration is limited to the upper clayey zones.
Geotechnical and geological data indicate that a less-permeable zone is present beneath
the KBPOP that will inhibit less mobile constituents from migrating vertically and
potentially impacting the groundwater. The RI/BRA concluded that the KBPOP has not
impacted groundwater.

Remedial goal options (RGOs) were developed in the RI/BRA. Remedial goal
options were not derived for groundwater. Although constituents were detected at levels
exceeding appropriate risk values in the initial groundwater sampling round (samples
bailed from temporary piezometers), they were not detected in the confirmatory sampling
of permanent monitoring wells that were sampled using methodology designed to
eliminate excess silt in the samples. Consequently, they are not considered to be
contaminants of concern (COCs) in groundwater at the KBPOP. Based on these
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conclusions of. the RI and BRA, remedial options for groundwater were not considered in
this FS. '

External exposure of hypothetical receptors to Cs-137 results in cancer risks of 1E-
05 (residents) and 3E-06 (workers). Cs-137 in soil is likely ubiquitous at the K-Area due
to global radioactive fallout and is believed not to be a risk driver.

A full range of general response actions were developed for all sites in the BPOP
ASCAD™ waste unit group. The following general response actions were considered for
the soils: No remedial action, institutional controls, containment, in-situ treatment, ex-
situ treatment, and disposal. The following general response actions were considered for
the groundwater: No remedial action, institutional controls, containment, recovery,
treatment, and disposal. Technologies were identified within each general response
action and screened on the basis of effectiveness, implementability, and cost.

Potential alternatives were developed from the list of retained technologies to
address contaminated soils and groundwater at sites in the BPOP ASCAD™ waste unit
group. Table ES-1 lists these alternatives.

The alternatives developed for the BPOP ASCAD™ waste unit group were screened
for effectiveness, implementability, and relative cost. This screening was conducted on
basis of data specific to the KBPOP. The results of the alternative screening are shown
in Table ES-1 (alternatives for soil remediation) and Table ES-2 (alternatives for
groundwater remediation). This screening resulted .in the following alternatives bemg
retained for soil and/or debris remediation at the' KBPOP:

e No remedial action;

e  Access and deed restrictions/notifications;

o Soil cover; |

e In-situ solidification of soil and debris, soil cover;

e Excavate soil and debris, solidify/stabilize soil, backfill treated soil and debris,
soil cover; and

e  Excavate debris and soil, dispose in E- Area vaults or Soil/Debris Consolidation
Facility (if applicable).

The RI concluded that the KBPOP is not impacting groundwater. Constituents were
not observed to have migrated horizontally and clayey zones directly underneath the base
of the pit would limit vertical migration potential. The data was interpreted to indicate
that any leaching from KBPOP has not impacted the groundwater. Therefore, the only
groundwater remedial alternative that was retained was the no-action alternative.

The six soil and/or debris remedial alternatives were screened on the basis of the
USEPA’s nine detailed screening criteria. These criteria are overall protection of human
health and the environment; compliance with ARARs; long-term effectiveness and
permanence; reduction of toxicity, mobility, and volume through treatment; short-term
effectiveness; implementability; cost; state acceptance; and community acceptance. The
results of this screening are shown in Table ES-3.

ES-2
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K-Area Bingham Pump Outage Pit WSRC-RP-96-831, Rev. 1
FS Report ) February 1997

SECTION 1
INTRODUCTION

The K-Area Bingham Pump Outage Pit (KBPOP) is one of four BPOP areas at
Savannah River Site (SRS), collectively referred to as the BPOP waste unit group. This
Feasibility Study (FS) of Remedial Alternatives serves as the lead FS for the BPOP waste
unit group. This section identifies the purpose and scope of the FS and presents site
background information summarized from the Final Remedial Investigation Report with
Baseline Risk Assessment (RI/BRA) WSRC-RP-95-1555, Rev. 1.2 (WSRC 1997).

1.1 PURPOSE AND SCOPE

The purpose of this FS is to identify potential technologies and process options for
remediation of soil and groundwater contamination at the KBPOP, screen the
technologies and options, and assemble the remaining technologies and options into
remedial alternatives. The remedial alternatives are then evaluated on the basis of
technical feasibility, effectiveness, and relative cost. The Savannah River Site
Community Relations Plan (WSRC-RP-96-00120, Revision 1, July 1996) will be
followed during the development of remedial alternatives for the KBPOP and the BPOP
ASCAD waste unit group.

The KBPOP is designated as the lead unit in the BPOP Approved Standardized
Corrective Action Design (ASCAD™) waste unit group. The ASCAD™ process is
discussed in further detail in Section 1.2.

As the lead FS for all BPOPs in the BPOP ASCAD™ group, this document identifies
potential technologies and process options for all BPOPs. The selected technologies and
process options will form the basis for FS’s conducted at all BPOPs. The development
and screening of alternatives will also apply to all BPOPs in the waste group, while the
detailed analysis of alternatives will be conducted for the specific conditions at K-Area.

This document consists of the following sections:

e Section 1 - Introduction
Presents the site background, including location, history, and current
description. Also summarizes the nature and extent of contamination,

contaminant fate and transport, and the baseline risk assessment summary from
the RI Report (WSRC 1997).
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e  Section 2 - Identification and Screening of Technologies and Process Options
Identifies potential remedial technologies and associated process options to
address soil and groundwater contamination. Technologies and options are
initially screened on the basis of relative effectiveness, implementability, and
relative cost.

e Section 3 - Development and Screening of Alternatives
Technologies and process options remaining after screening in Section 2 are
assembled into remedial alternatives to address soil and groundwater
contamination. The alternatives are then compared to one another and screened
on relative effectiveness, implementability, and relative cost.

e Section 4 - Detailed Analysis of Alternatives
The alternatives remaining after the screening in Section 3 are evaluated in
detail.

1.2 APPROVED STANDARDIZED CORRECTIVE ACTION DESIGN

The purpose of the ASCAD™ process at SRS is to focus data collection on remedial
technologies, eliminate/reduce redundant documentation, obtain/facilitate pre-approved
remedial decisions, and standardize remedial designs. The ASCAD™ approach reduces
time and costs for remediating waste units by grouping similar waste units, focusing
characterization and technology development on waste unit groups, and prov1d1ng
standardized designs which are based on unit spec1ﬁc requirements.

Waste units are grouped based on similarities such as waste category, media, unit
specifics, and generic remedies. Waste categories focus on the manner in which waste
was applied to the environment (i.e., basins, pits, piles, process lines). Media similarities
address the environmental media that have been impacted. Examples are soil, vegetation,
sediment, and groundwater. Unit specifics include soil classification, lithology, and
waste area/volume. Generic remedies identify the potential for similar waste units to
apply the same or similar remediation strategy.

ASCAD™ is being applied to the BPOPs waste unit group in an effort to develop
primary and secondary documentation models for SRS. This effort focuses on
combining the remedial investigation (RI), baseline risk assessment (BRA), FS, proposed
plan, and record of decision for the R-Area, P-Area, and L.-Area BPOPs. This reduced
documentation is based on definitive documentation provided for the BPOPs waste unit
group by the KBPOP lead unit. The BPOPs serve as an ideal ASCAD™ waste unit group
since all have similar histories and waste characteristics.

ASCAD™ provides for the complete characterization, technology evaluation, and
remedial design of the KBPOP lead unit within the BPOP waste unit group. This is
followed by a focused characterization, technology validation, and unit specific design
for R, P, and L BPOPs secondary units. ASCAD™ then provides for streamlining the

1-2
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design development process and projects focused technologies for remedial action for the
R, P, and L BPOPs based on the KBPOP lead unit

1.3 SITE BACKGROUND

The KBPOP is one of four BPOP areas at Savannah River Site (SRS). The BPOPs
are located outside the fences of reactor areas K, L, P, and R, which are 31tuated in the
central part of SRS, as shown on Figure 1.1.

1.3.1 Site Location

The K-Reactor, shown on Figure 1.1, is located in the west-central portion of SRS,
approximately 4 miles east of the nearest SRS boundary. The KBPOP, shown on Figure
1.2, is situated immediately south and outside of the K-Reactor fence. All BPOPs are
- located approximately 4.5 to 6.1 miles from the nearest site boundary.

1.3.2  Site History

Major modifications and repairs to the primary and secondary reactor cooling water
systems were performed between 1957 and 1958 (Pekkala, et al. 1987). Debris generated
by these repairs was buried in the KBPOP. The radioactive contamination was less than
25 mR/hr with no detected alpha activity (Pekkala, et al. 1987). Debris with radioactive
contamination greater than 25 mR/hr was placed in the Burial Ground. The
concentration of radioactivity buried in each BPOP is conservatively estimated at 1 Curie
(Ci) (Pekkala, et al. 1987). Table 1.1 illustrates the estimated inventory of activity at the
time of burial and as of December 31, 1995.

Savannah River Site was added to the National Priorities List (NPL) in December
1989, subjecting the site to the provisions of the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA). The U.S. Department of Energy
(DOE) has negotiated a Federal Facility Agreement (FFA) with the U.S. Environmental
Protection Agency (USEPA) and the South Carolina Department of Health and
Environmental Control (SCDHEC) to coordinate cleanup activities at SRS under a single
comprehensive strategy. '

A RI was conducted at the K-Area BPOP in the following stages:

e _ Preliminary unit evaluation
e  Unit Screening

e  Unit Assessment
In addition, a confirmatory characterization was conducted in July 1996. The results of

all investigations are detailed in the R/BRA Report (WSRC 1997) and are summarized
in the remainder of this section.
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1.3.3  Current Site Description

The following description of the site is summarized from . the RI/BRA Report
(WSRC 1996). The reader is referred to that document for more complete information.

1.3.3.1 .K-Area BPOP Description

One pit exists at K-Area, at the location shown on Figure 1.2. The pit is
approximately 400 feet in length and 60 feet in width, as shown on Figure 1.3. The
-depth of excavation at KBPOP ranged from nine to 14 feet, which indicates a sloping pit
base. Debris in the pit reportedly consists of miscellaneous construction materials such
as pipes, cables, ladders, drums, and boxes of miscellaneous hardware. No pumps were
buried and no liquid waste was disposed of in the KBPOP. :

The KBPOP was backfilled with approximately four feet of fill material in 1958.
The site is now an open grassy area and the pit boundaries are marked by RFI/RI orange
ball markers and concrete monuments. A recent photograph of the site is shown as
Figure 1.4. Annual inspections are conducted for signs of soil subsidence, and sunken
areas are filled to grade as needed. Two monitoring wells were installed at the KBPOP
for the July 1996 Confirmatory Sampling, which is discussed below in Section 1.4.

The other BPOPs follow the same physical unit characteristics and therefore,
constitute a prime ASCAD™ study group. Section 1.2 detailed the ASCAD™
methodology and principal issues involved in the selection of the BPOPs for ASCAD™,
Table 1.2 shows the physical similarities among all the BPOPs.

The KBPOP is currently the only BPOP clearly delineated within an industrial zone.
The other BPOPs are positioned close to the boundaries and are subject to be
incorporated as part of an industrial zone.

1.3.3.2 Meteorology

‘Generally, the SRS region has a temperate climate with short, mild winters and long,
humid summers. Average precipitation is approximately 48 inches per year and occurs
relatively evenly throughout the year. A more detailed discussion of regional
meteorology is located in the RI Work Plan for the K-Area Bingham Pump Outage Pit,
WSRC-RP-91-1203, Revision 1 (WSRC, 1994), and the SRS Environmental Report for
1994 (WSRC, 1995b).

1.3.3.3  Surface Water Hydrology

Surface water drainage ditches surround the KBPOP to the north, west, and south.
These ditches provide a means for runoff water to be collected and redirected to reduce
erosion. As depicted in Figure 1.2, the KBPOP is located on the west side of a ‘small
topographical high. Consequently, surface water drainage from other areas has little or
no effect on the surface of KBPOP. Runoff, resulting solely from KBPOP; is collected
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in the surface water drainage ditches and channeled downgradient towards several small
intermittent streams. These intermittent streams drain into Indian Grave Branch and Pen
Branch. Figure 1.5 illustrates the surface water flow in the vicinity of the KBPOP.

1.3.34 Geology

The KBPOP is situated in the Tobacco Road formation. This formation extends
from ground surface to a depth of 95 feet below ground-surface (bgs)-and is.composed of
dark red to tan, very fine to fine sandy clay and clayey sands with laminated tan and
purple, silty, clayey very fine to medium sands.

Underlying the Tobacco Road formation is the Dry Branch Formation, extending
from 95 to 136 ft bgs. The Dry Branch formation consists of laminated, tan, clayey, very
fine to medium sands with thin lenses of pale green clay.

- The Griffins Landing Member extends from 136 to 167 ft bgs. The Griffins consists
of yellow to tan, faintly laminated, silty, clayey, very fine to coarse sands and tan to
yellow marl with hard brown limestone fragments.

Next is the McBean Formation at 167 to 171 ft bgs, consisting of greenish-black,
fine sandy clay. This is underlain by the Congaree formation at 171 to 288 ft bgs. The
Congaree is composed of tan to yellow, very fine to medium sands with gray, slightly
silty, medium to very coarse sands with thin, interbedded gray clays.

The first confining unit in the area is Confining Unit IIA-IIB (Green Clay), which
can be distinguished in the logs at approximately 170 feet bgs. Confining Unit IIB,-IIB,
(Tan Clay) is not apparent in the P-25 logs and is suspected to be nonexistent or
discontinuous in this area.

Figures 1.6 and 1.7 show the lithologic data collected from the CPT locations in
cross sectional view. To the north and south of the pit, there is a 17- to 20-foot thick -
massive clay interval. The clay interval appears to thin to a thickness of about seven feet
in the middle portion of the pit, beneath KBP-9. The massive clay interval grades into a
mixed layer of clay, clayey sand, and sandy clay to the east of KBP-9. The base of the
pit is imbedded into the massive clay to the north and south. The base of the pit is
located above the clay interval along the middle of the pit’s western side.

1.3.3.5 Hydrogeology

‘Water elevation measurements, collected in January 1995 from six groundwater
sample locations, were used to define the direction and rate of groundwater flow at the
KBPOP. The groundwater flow direction, shown on the potentiometric surface map
(Figure 1.8) is to the south (referenced to true North) across the KBPOP.
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The groundwater flow rate for the water table aquifer (Aquifer IIB,) beneath the
KBPOP was estimated using a hydraulic conductivity of 10 ft/day (Geraghty & Miller,
Inc., 1990) and an effective porosity value of 20 percent (Killian et al., 1987). The flow
rate estimate for groundwater beneath the KBPOP is approximately 91.25 ft/year.

1.3.3.6 Demographics

The- SRS is located -approximately 40-km-(25-miles) southeast of- Augusta, -Georgia,
and 32 km (20 miles) south of Aiken, South Carolina. According to 1990 census data
(Rand McNally, 1992), the average population densities (people per square mile) for the
surrounding South Carolina counties are 111 for Aiken County, 36 for Barnwell County,
and 28 for Allendale County, and for the surrounding Georgia counties are 228 for
Columbia, 524 for Richmond, 25 for Burke, and 21 for Screven. The population within
an 80.5 km (50 mi) radius of SRS is 634,784.

The estimated population for the area in the year 2000 is projected to be 852,000
(Rand McNally, 1992). This estimate was calculated using the 1970 to 1980 population
growth rate of each county in the 80.5 km (50 mi) radius, with the assumption that the
same growth rate would continue in the future. The calculations assumed that the
population would be constant for counties that had a negative population growth between
1970 and 1980.

Calibrated demographic data is available for the six-county area that provides 90
‘percent of the SRS work force. These are Aiken, Allendale, Bamberg and Barnwell
counties in South Carolina and Columbia and Richmond counties in Georgia. The
population in these six counties increased 13 percent between 1980 and 1990, from
376,000 to 425,607 and is expected to increase to 470,820 by the year 2000. A
disproportionate share of the six county population increase was concentrated in
Columbia County of Georgia. The population in thxs county increased more-than 55
percent to 66,031 between 1980 and 1991.

1.3.3.7 Land Use

Less than 5 percent of existing land surrounding SRS is devoted to urban and other
developed uses (DOE, 1990). Most of the urbanized development has occurred in and
around the cities of Augusta, Georgia and Aiken, South Carolina. Agriculture accounts
for 24 percent of total land use; forests, wetlands, water bodies, and unclassified land that
is predominantly rural account for approximately 70 percent of total land use. A
projected 2 percent increase in the development of urban land surrounding SRS is
expected by the year 2000.

Less than 5 percent of SRS total land area is used by facilities engaged in the
production of special nuclear materials. Reservoirs and ponds comprise approximately
13 sq km (5 sq mi) of SRS. The remainder areas, approximately 777+ sq km (300+sq
mi), is undeveloped.
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K-Reactor Area, including KBPOP, is located within a specified industrial zone as
defined by the Citizens Advisory Board. All of the other BPOPs are located close to
specified industrial zones and may be incorporated as part of the zones at a later time.

1.3.3.8 Description of the Environment

The ecology of the BPOP consists of a small, 0.5-acre, grassland plant community
that is adjoined on three sides by pine forest and industrial-areas-associated with K-Area.
Ecologically, the site is predominately terrestrial; no aquatic habitat or wetlands are
present within 1,000 meters of the KBPOP. A drainage ditch lined with large rocks
traverses the area. The grassland habitat probably supports insects and small mammals.
Larger vertebrates such as raccoon and gallinaceous birds such as quail and wild turkey
may occasionally forage or travel through this area. No threatened or endangered species
have been identified on the site nor does this area provide critical habitat. A more
detailed description of the flora and fauna present on the site is given in the RI/BRA
Report (WSRC 1997). '

1.4 NATURE AND EXTENT OF CONTAMINATION

This section summarizes the analytical results from the Unit Assessment Stage III
groundwater sampling and Stage IV soil sampling, which were performed in January and
February of 1995. This section also discusses Confirmatory Sampling conducted in July
1996. '

1.4.1 Summary of Soil Contamination

. The RI Report concluded that minor concentrations/activities of constituents have
migrated from the pit into the surrounding soil horizons; however, horizontal migration
is limited to the boundaries of the pit and vertical migration is limited to the upper clayey
zones. ' .

Only one constituent of concern (COC) was identified at the KBPOP. The RI/BRA
concluded that Cs-137 in surface soil exhibits a cancer risk of 2E-06. Cs-137 in surface
soil is likely ubiquitous at the K-Area due to global radioactive fallout and is believed not
to be a risk driver.

14.2 Summary of Groundwater Contamination

The geotechnical and geological data indicate that a less-permeable zone is present
beneath the KBPOP that will inhibit less mobile constituents from migrating vertically
and potentially impacting the groundwater.

Although the concentrations of both arsenic and I-129 in groundwater result in
derived risks greater than 1E-04, the presence of these constituents was not confirmed in
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the groundwater sample obtained using the methodology designed to eliminate excess silt
in the samples. Given that the confirmatory sampling did not detect these constituents,
neither arsenic or I-129 are considered COCs at the KBPOP.

The following are considered COCs in groundwater:

¢  Dbis(2-Ethylhexyl)phthalate;

e Manganese;

e  Tritium;

s Ra-228;

e 1J-233/234; and
o 1J-238.

1.5 CONSTITUENT FATE AND TRANSPORT

This section discusses the fate and transport of COCs as defined by the BRA,
summarized below in Section 1.6, and additional constltuents resulting from the nature
and extent of contamination mvestlgatlon

1.5.1 ]Potentlal Routes of Migration

Constituent migration is dependent upon three critical factors: 1) physical and
chemical properties of the constituents, 2) transport processes, and 3) parameters of
media through which the constituents migrate. The primary source of contamination at
KBPOP is the buried waste. Leaching has been defined as the primary release
mechanism and provides the initial movement of constituents from the pit into
surrounding soil horizons. Dust and/or volatile emissions, a secondary release
mechanism, could be transported via the alr/wmd and/or storm water runoff pathways to
off unit locations.

The soil underneath KBPOP would constitute the secondary source of
contamination, if impacted. For this secondary source, infiltration/percolation would
provide the means for constituents to migrate vertically, potentially reaching the
groundwater. Once constituents enter the groundwater system, movement away from the
unit boundaries is certain. The extent of migration in the groundwater is dependent on
the aquifer flow rates and physical and chemical properties of constituents. Groundwater
contamination is represented as a pathway in the conceptual site model (CSM), shown in
Figure 1 9

Com,tltuents of concern for groundwater at the KBPOP are semivolatile organic
compounds (SVOCS), radionuclides, and metals. The COC in soil is a radionuclide. -
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1.5.2  Physical and Chemical Properties of the Constituents

Physical and chemical properties of a constituent provide information on the
behavior of that constituent in varying media. The extent to which a constituent moves
or is transported through the environment is referred to as mobility. Mobility of a
constituent is based upon many types of chemical and physical interactions between the
constituent and media it contacts. In addition, constituents undergo different degrees of
degradation. The following physical and chemical properties of a constituent affect the
mobility and degradation of chemical constituents:

e  Water solubility. The maximum concentration of a constituent that will dissolve
in pure water at a specific temperature and pH.

e  Vapor pressure and Henry’s Law constant. Two measures of chemical
volatility. ' ‘

e  Octanol/water partition coefficient (Kow). Constituents with high log Kow
values (i.e., greater than 4) are more likely to remain adsorbed to organic
material rather than migrate to water.

e  QOrganic carbon partition coefficient (Koc). Indicates the tendency of an organic
constituent to be adsorbed to organic material in soils or sediments. A high Koc
value indicates that a constituent has a strong tendency to bind to organic
material in soil.

e  Density (mass per unit volume). A physical parameter that controls the rate of
constituent migration in the subsurface. If the density of the constituent is
greater than that of water (greater than 1 g/cm’), the constituent will tend to
displace groundwater and sink until a less permeable barrier is encountered. A
density less than that of water will tend to cause the constituent to float on top of
the groundwater. : ‘ .

The fate and transport of metals and radionuclides, which are the chemical classes that
include the COCs, are discussed below. Fate and transport of specific COPCs are
discussed in the RUBRA Report (WSRC 1997).

1.5.2.1 Metals

Assessing the mobility and persistence of metals—in environmental media is
complicated due to the many inorganic and organic complexes and salts they form. In
addition, metals undergo a variety of processes in soils and water, which include
hydrolysis, reduction, oxidation, and ion exchange. These reactions are highly dependent
on factors such as pH, salinity, ionic strength, particle-surface reactions, and the presence
of anions and natural organic acids (humics and fulvics).

Many metals are relatively insoluble either in metallic form. or as inorganic
complexes and salts; yet become soluble in the presence of organic acids and oxidizing
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- conditions. An exception is mercury, which is not very soluble in water but will readily
volatilize from water to air. Cation exchange of metals by soils and sediments is the
dominant fate mechanism in natural systems.

The geotechnical report in the RI/BRA Report describes the soil content from 0-18 -
feet as having a high clay content. The depths from 18-61 feet were not targeted for .
geotechnical sampling; however, the CPT data shows a clay layer extending to deeper
depths before becoming more sandy in composition at 61-68 feet. For some constituents,
the potential for constituents to bind with clay particles is great and will result in an
accumulation of constituents at this depth range. Little vertical migration will take place
within these clayey zones.

The RI identified manganese as a COC for groundwater. In general, the unusually
high metal concentrations encountered in the groundwater at the KBPOP are probably
related to the method of sample collection utilized during characterization and probably
do not constitute a problem in the groundwater. With elevated turbidity associated with
the groundwater samples, metal analyses would be skewed based upon the amount of
solids within a particular sample. Further evaluation shows that all of the metal
constituents were detected in both upgradient and downgradient or only upgradient
groundwater samples locations. This condition indicates that the KBPOP is not a source
of metals.

1.5.2.2 Radionuclides and Radionuclide Indicators

As the soil horizons and groundwater system are typically inhomogeneous, variables
(i.e., physical parameters of constituents) are only valid for the conditions of a specified
system. If the conditions of that system change (i.e., geochemistry, mineralogy, pH, and
redox potential), then the variables would be altered as a direct result. Some variables
for radionuclides, such as half-life, are specific to the isotope and are not influenced by a
changing environment.

The soils in the area of the KBPOP tend to have large fractions of silt and clay, up to
335 percent, indicating that there is a good probability that any constituents that are prone
to adsorb onto a clay matrix will deposit on the clay particles in the KBPOP soils and
have a limited migration potential. It is possible for these constituents to migrate to the
groundwater via colloidal transport (i.e., colloidal precipitate or colloidal clay particles)
and may influence the groundwater analyses if samples are unfiltered. Redox sensitivity
may also influence the movement of constituents in the environment. Higher oxidation
for radionuclides (and other nonradioactive metals) would tend to favor hydrolysis
reactions. The hydrolyzed species would tend to precipitate in an environment with a pH
of 5 or greater. The precipitated constituents would then be filtered out by the soil and
incorporated into the soil matrix.

1-10

I\BINGHAM\K_FS\REV I\SECTIONS\S-1. WW6




K-Area Bingham Pump Outage Pit WSRC-RP-96-831, Rev. 1
FS Report i February 1997

At the KBPOP, Cs-137 was defined as a COC in soil. Tritium, Ra-228, U-233/234,
and U-238 were defined as COCs in the groundwater. Specific radionuclide isotopes,
differed between the soils and groundwater analyses, indicating that radioactive
constituents found in the groundwater are not the result of the KBPOP. Activity is
probably due to naturally occurring radionuclides, sampling/analysis artifacts, and/or
upgradient sources.

1.5.3 Constituent Migration

The CSM, as depicted in Figure 1.9, indicates how constituents at the KBPOP may
migrate away from the source material. The primary release mechanism is leaching of
constituents from the waste, caused by infiltration of precipitation from the surface.
Infiltrating water moves downward, potentially carrying leached constituents to deeper
soils and groundwater. The infiltration of water through the vadose zone is controlled by
soil properties and composition. Contaminated soils also constitute a potential secondary
source. :

Minor concentrations of constituents in soil have migrated away from the KBPOP,
predominately in a vertical direction.  Constituents have either a decreasing
concentration/activity with depth or have no traceable trending effect resulting in random
detections (such as laboratory contaminants, sampling/analysis artifacts, or naturally
occurring constituents which are strongly dependent on the composition of the matrix).

In the groundwater system, the presence of metals and several radionuclide
constituents at concentrations/activities greater than MCLs/background are probably
related to excessive turbidity in the groundwater samples and not to contamination from
the KBPOP. This conclusion is based on the results of the Confirmatory Sampling. Two
elements of this investigation indicate that constituents found in the groundwater (if not
present due to sampling artifacts) are not related to the KBPOP: -

e  Upgradient groundwater samples detected many of the same constituents found
in downgradient samples. This would indicate that the constituents are
originating from another source upgradient of the KBPOP or other contributing
factors (i.e., naturally occurring constituents). Again, for metals and a few
radionuclides, an additional element is present. The sampling protocol for the
collection of the groundwater samples could have induced the unusually high
metal concentrations found in the samples and may not be related to a source at
all. :

¢ Constituents found in the soils and groundwater vary. If the constituents
' originated from the KBPOP, constituents found in the groundwater should also
have been found in the soils. This was not typically the case at the KBPOP as
illustrated by the radionuclide constituents. One contributing factor was the
presence of a defined clay layer underneath the base of the pit. This zone
extended vertically to a depth greater than twenty feet below ground surface.

1-11

I\BINGHAM\K_FS\REV INSECTIONS\S-1.WW6




K-Area Bingham Pump Outage Pit WSRC-RP-96-831, Rev. 1
FS Report T February 1997

The geotechnical report supports that COPCs with the potential to bind to clay
particles (based upon fate and transport characteristics of the constituents) will
be concentrated in this zone and will have limited movement vertically.

154 Constituent Fate ahd Transport Conclusions

In the RI/BRA, risk calculations were performed for leachable COCs that pass
through the soil screening and are .estimated to.appear in groundwater within the next
1000 years. The two scenarios considered are the Future On-Unit Resident and the
Future On-Unit Worker. '

The cancer risk for I-129 leaching from soil to groundwater is approximately 105 for
the Future On-Unit Resident and 10 for the Future On-Unit Worker. However these
risks are based upon one J-qualified detection (0.203 pCi/gm) out of three soil samples
analyzed, and the value is below the reported detection limit for I-129. 1-129 is difficult
to detect at these low levels of activity because of the “noise” associated with a gamma
PHA scan. Also, the maximum detected activity of Cs-137 in the soil is 0.295 pCi/gm.
Based upon ratios of important fission products from reactor assemblies, the minimum
ratio of Cs-137 to I-129 is 2.22x106. Therefore, based upon this ratio and the maximum
observed Cs-137 activity, the maximum I-129 activity expected should be less than
1.33x107 pCi/gm, which is well below the J-qualified value reported for I-129. Also, the
soil leachability estimate is conservative and overestimates future groundwater
concentrations. Therefore, the RI/BRA concluded that corrective action for I-129 is not .

“warranted based upon the soil leachability analysis and I-129 is not a COC in soil.

1.6 BASELINE RISK ASSESSMENT SUMMARY

An exposure assessment was conducted to estimate the type and magnitude of
exposures to the COCs at the KBPOP. The results of the exposure asseéssment were
combined with toxicity information to characterize potential risk. Figure 1.9 illustrates
the CSM and describes how constituents are transported and transferred to human
receptors. '

1.6.1 _ Potential Receptors and Exposure Pathways

The primary source of contamination from the KBPOP is the construction debris that
was contaminated with low levels of radiation and buried in an unlined pit. Constituents
may have been released from the debris into the surrounding soil. In turn, soil
contamination may exist in the subsurface soil due to migration or in the groundwater
due to infiltration and percolation. Potential contamination in the subsurface soil was
assessed using a soil-to-groundwater leachability model. The primary media of concern
for the human health risk evaluation, therefore, are:

e  Surface Soil

o  Subsurface Soil
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s Groundwater

There is no wetland or surface water within 1000 meters of the KBPOP. Surface
water and sediment are not considered to be impacted by any contamination at this waste
unit and were not considered as potential media of concern. -

Release mechanisms from the surface soil include fugitive dust generation and
- vegetation uptake. Volatilization was initially considered; however, since no volatiles
were identified as COCs in the surface soils, this pathway was eliminated.

The following exposure routes and pathways are .applicable to the receptors
evaluated in the human health risk assessment. A graphical depiction of the human
health CSM for the KBPOP is presented in Figure 1.9.

1. Known On-Unit Worker
The known on-unit worker exposure scenario addresses risks to workers who-
visit the waste unit on an infrequent or occasional basis. A drinking water
pathway is not credible for the known on-unit worker since shallow groundwater is
not used as a source of drinking water at SRS and controls are in place to prevent
consumption of groundwater in this area. The known on-unit worker is an adult
‘ who visits the waste unit to mow the grass, inspect the unit for signs of
{ subsidence, and check the signs. Although only annual inspections are required,
‘ the SRS worker is assumed to visit the waste unit six times per year.

The primary exposure pathways for evaluation relative to the known on-unit
worker include exposure to contaminated surface soils (0-1 ft intervals) via the
pathways of ingestion, inhalation, dermal contact and external gamma exposure.

2. 'Hypothetical On-unit Worker. ‘ _
The future on-unit worker exposure scenario addresses long-term risks to
workers who could be exposed routinely to COPCs within an industrial site. The
hypothetical future on-unit industrial worker is an adult who works in an
industrial setting outside for eight hours per day.

The primary exposure pathways for the hypothetical on-unit worker are the
same as for a known on-unit worker; however, ingestion of, and dermal contact
with, drinking water from contaminated sources was also included. These
pathways are summarized as follows: (1) exposure to contaminated surface
soils (O-1 ft intervals) via the pathways of ingestion, inhalation, and external
gamma exposure; and (2) exposure to contaminated groundwater via ingestion
and dermal contact.

3. Hypothetical On-unit Resident Adult and Child

The hypothetical on-unit resident exposure scenario addresses long-term risks to
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individuals expected to have unrestricted use of the waste unit. It assumes that
residents live on the waste unit and are exposed chronically, both indoors and
outdoors, to unit constituents. The hypothetical on-unit resident includes adults
and children who would potentially be exposed to all of the contaminated

media. This scenario is consistent with regulatory guidance documents.

The primary pathways proposed for evaluation relative to the hypothetical on-
unit resident (adult and child) include: (1) exposure to contaminated soils via
the pathways of incidental ingestion, inhalation of windblown dust, external
gamma exposure, dermal contact, and ingestion of home grown produce; and
(2) exposure to groundwater via the pathways of ingestion, dermal contact, and
inhalation of volatile constituents while showering.

1.6.2  Risk Characterization

Risk characterization compares estimated exposure with applicable toxicological or -
dose-response data. This comparison is used to -determine whether the chemical
concentrations detected in the environmental media at the KBPOP may be associated
with adverse effects on the health of humans potentially exposed to site-related
chemicals.

Constituents having a chemical-specific carcinogenic risk of at least 1E-06 are
considered carcinogenic COCs. Constituents having a hazard quotient (HQ) of at least
0.1 and contibuting to a pathway having a hazard index (HI) greater than 1.0 are
considered noncarcinogenic COCs.

1.6.2.1 Evaluation of Noncarcinogenic Hazards

The risk of adverse noncarcinogenic effects from chemical exposure is expressed in
“terms of the HQ. The HQ is the ratio of the estimated dose which a human receives to
the estimated dose level believed to be safe, the reference dose (RfD). Chemical-specific
HQs are summed both for environmental media and exposure pathways to derive the
total HI.

If the HI value is less than 1.0, it is believed the potential for noncarcinogenic injury
is low. If the HI exceeds 1.0, some risk of noncarcinogenic effects may exist. However,
because most RfD values are derived in a conservative fashion, an HI value greater then
1.0 does not imply that an adverse effect will necessarily occur. The evaluation of
noncarcinogenic risks presented here is based on chronic exposure.

The calculations of the HQ and HI are provided in the R/BRA Report. HIs for the
known on-unit worker and hypothetical on-unit worker were below 1, indicating that
adverse effects are not expected to occur in these receptors. An HI above 1, however,
was derived for the hypothetical on-unit residents (HI = 7). The HI was wholly the result
of potential exposure to naturally-occurring inorganics in groundwater (arsenic,
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manganese). - As discussed in Section 1.5.3, the elevated metals in groundwater were
likely a sampling artifact (samples contained high amounts of silt) and were not present
_as a result of KBPOP contamination. :

1.6.2.2 . Evaluation of Carcinogenic Risks (Nonradionuclides)

The risk of cancer from exposure to a chemical is described in terms of the
probability that an individual-exposed: for -an -entire lifetime- will-develop cancer. Risk
estimates are presented as excess cancer risk per unit of population. For example, a risk
estimate of 1E-04 is equivalent to one excess occurrence of cancer per 10,000 exposed
individuals in a given population.

Calculated risk estimates are provided in-the RI/BRA Report. Cancer risks for the
known on-unit worker were below the EPA target range of 1E-06 to 1E-04, mdlcatmg
that an excess risk of cancer is not expected in this receptor.

The derived cancer risks for the hypothetical on-unit workers (8E-05) and residents
(3E-04), however, exceeded 1E-06. The cancer risks were wholly the result of potential
exposure to contaminants in groundwater (arsenic, bis(2-ethylhexyl)phthalate). As
discussed in Section 1.5.4, the elevated arsenic in groundwater was likely a sampling
artifact (samples contained high amounts of silt) and was not present as a result of
KBPOP contamination. Arsenic was not detected in the confirmatory sampling round
and is not a COC. Bis(2-ethylhexyl)phthalate is a common laboratory contaminant and is
not considered to be a risk driver.

1.6.2.3 Evaluation of Radionuclides

Cancer risks resulting from potential exposure to radionuclides were assessed two
ways: (1) a numeric risk comparable to the risk derived for non-radiological
carcinogens was derived, and (2) a dose equivalent was derived for direct comparison to
EPA criteria (0.1 rem/year). '

Radionuclide risk by ingestion, dermal contact, inhalation, and external gamma
exposure was calculated in the same manner as chemical intake except that the averaging
time and body weight are not taken into account. The derived risk was compared to the
EPA target range of 1E-6 to 1E-04. The derived risk for the known on-unit worker was
below the EPA target. The derived risks for both the hypothetical on-unit worker and
resident, however, exceeded 1E-04. These risks were due primarily to exposure to 1-129,
Ra-228, H-3, U-233/234 and U-238 in groundwater, and external exposure to Cs-137 in
soil. As discussed in Section 1.5.4, the elevated radionuclides in groundwater were
likely a sampling artifact (samples contained high amounts of silt) and were not present
as a result of KBPOP contamination. I-129, which resulted in 95% of the calculated risk,
was not detected in the confirmatory sampling round and is not a COC at this site. When
I-129 is excluded from the risk calculation, the risk is 1E-05. Cs-137 in surface soil is
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- likely ubiquitous at the K-Area due to global radioactive fallout and is believed not to be
a risk driver.

The dose equivalent was derived to normalize the biological effects produced from
equally absorbed doses of different types of radiation. The radiation dose equivalent to
specified organs for radionuclides via ingestion, inhalation or external exposure are
estimated by multiplying the amount intake times the appropriate dose conversion factors
(DCFs), which represent the dose equivalent per unit intake The dose equivalents
derived for all three receptors (known on-unit worker and hypothetical on-unit worker
and resident), were below the EPA criteria of 0.1 rem/yr.

1.7 ECOLOGICAL EVALUATION

As described in the RI/BRA, the ecological screening step resulted in the conclusion
that no chemicals are ecological COCs at the KBPOP. Therefore, no constituents are:
considered to have the potential to pose adverse effects to the assessment endpoints.

A hierarchy of assessment endpoints was selected in order to assess both proximate
and ultimate risks that might be associated with unit-related chemicals. The proximate
assessment endpoint was chosen to provide protection of the population levels of
vertebrate species: that utilize the area of the unit to a significant extent and that are
important as indicators of potential effects on the health of the community. Oldfield
mice represent terrestrial vertebrate populations at the unit. Potential toxic effects that
may reduce this assessment endpoint population or the populations they represent in the
immediate vicinity of the unit have not been identified, nor have effects on the. ultimate,
more important, assessment endpoint: the community of species that occupies the area
surrounding and including the unit. It is this ultimate assessment endpoint, maintenance
of the health and diversity of the natural community in the area, that is the most
important ecological component to be protected with regard to this unit.

The ecological setting of the unit is not characterized by uniqueness or significance.
There are no endangered, threatened, or special concern species in the vicinity that are
likely to be dependent on or affected by the habitat at the unit. The species that inhabit
the unit are not rare in the region, and are not generally -considered to be of special
societal value. The area of the unit is small and the habitat it provides appears to be
relatively low in diversity and productivity.

None of the constituents detected in soil at the KBPOP were concluded to have the
potential for adverse effects to the oldfield mouse individuals that may use the unit as a
foraging area. It is also unlikely that the constituents would cause a significant adverse
effect on the ecological community. Therefore, there are no ecolog1ca1 COCs at the
KBPOP.
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Table 1.1 Estimated Radionuclide Inventory in the
Bingham Pump Outage Pits (K-, L-, P-, and R-Reactor Areas)

Radionuclide Inventory at Burial Inventory Corrected for Decay Through

(Ci) ~ 12/31/95 (Ci)
60co 0.172 1.34E-03
90sr A 0.112 4.70E-02
103,106Ry 0.130 1.12E-12
137¢s 0414 ' 1.75E-01
147pm 0.172 7.50E-06
Total 1.0 ' 2.23E-01
(
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Table 1.2 Characteristics of the Bingham Pump Outage Pits

K 643-1G° 400 59 Estimated - 13 - 212,400 Base of pit sloping
Actual Minimum - 10 Subsidence of surface
A Low level rad waste
Actual Maximum - 15
L 643-2G 275 22 Estimated - 13 54,450 Subsidence of surface
' . Low level rad waste
L 643-3G 377 20 Estimated - 13 67,860 Subsidence of surface
Low level rad waste
P’ 643-4G 472 26 Estimated - 13 110,448 Subsidence of surface
Low level rad waste
R" 643-8G 250 20 Estimated - 13 45000 | Subsidence of surface
' Low level rad waste
R’ 643-9G 250 16 | Estimated - 13 36,000 Subsidence of surface
(__ Low level rad waste
R’ 643-10G 522 19 Estimated - 13 122,148 Subsidence of surface
Low level rad waste

“ based on an estimated 9 feet of debris
*located within a defined Industrial Zone (Figure 1-5)
“located within Udorthent soil series '
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SECTION 2
IDENTIFICATION AND SCREENING OF TECHNOLOGIES

This section identifies remedial action objectives and response actions as well as
remedial technologies and associated process options that have been identified as being
potentially applicable to the waste and media of concern at the BPOP waste unit group.
The process options are evaluated on the basis of potential conditions at any of the
BPOPs. Process options representing the applicable technologies are then combined into
remedial alternatives to address remediation at the BPOPs. Detailed screening of
alternatives for the K-Area BPOP is presented in Section 3. o '

2.1 INTRODUCTION

The identification and screening of technologies was the initial task in the FS
process of identifying remedial action alternatives for the BPOP waste unit group. The
screening process began with the development of remedial action objectives (RAOs) and
descriptions of general response actions for each media of interest. Potentially applicable
treatment technologies (physical treatment, chemical treatment, biological treatment,
etc.) were then identified through literature review and professional experience with
general site conditions and contaminants of concern.

Technology types, which are general categories of response actions, were expanded
to include a variety of process options within the selected technology types. During the
selection process, consideration was given to a process option's ability to meet necessary
RAOs or waste unit group limitations. The list of potentially applicable process options
was then refined by eliminating those process options that were not considered
acceptable candidates due to technical implementability limitations and, subsequently,
limited effectiveness and/or prohibitive cost.

During the next step of the screening process, the remaining technology types and
associated process options were evaluated in greater detail. The process options within
each technology type were compared with each other and analyzed in terms of
effectiveness, relative cost, and implementability. When possible, a single process option
was selected to represent a given technology type. Multiple process options were
retained ‘within a technology type when they offered significantly different treatment
schemes or were often used in tandem (i.e., air stripping as a primary treatment method
followed by carbon adsorption as a polishing step to attain RAOs). The process option(s)

2-1
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representing the treatment technology types were combined into several rcmedxal
alternatives.

‘22 REMEDIAL ACTION OBJECTIVES

Remedial action objectives were developed under the following considerations:
Media and contaminants of concern; potential exposure pathways; and media-specific
remediation goals that are intended to protect human and environmental receptors from
exposure to harmful levels of contaminants. Remedial action objectives were set for
groundwater and for soil for contaminants detected at levels representing potential risks
to human health.

At this stage, general RAOs were developed for the BPOP waste unit group.
Specific RAOs for the KBPOP are developed: in Section 3, where remedial alternatives
. are screened to select those that are applicable to K-Area. Combining the contaminants
. and media of concern, the exposure pathways and receptors and the target goals for the
contaminants of concern, the following general RAOs are defined.

¢ Remedial Action Goal for Soil

o To prevent human exposure, via any exposure route (ingestion inhalation,
or dermal contact) to soil containing contannnants in concentrations that
exceed appropriate risk levels.

o To prevent environmental exposure to soil containing contaminants in
concentrations that are likely to negatively stress environmental receptors

o To prevent migration of contaminants from the soil into other media
(groundwater or surface water) at concentrations that would fail to meet the
RAOs for that media. ~

e Remedial Action Goal for Groundwater

o To prevent human exposure, via any exposure route (ingestion, inhalation,
or dermal contact) to groundwater containing contaminants in concentrations
that exceed applicable or relevant and appropriate requirements (ARARS) or
appropriate risk levels.

o To prevent migration of groundwater into other media (surface water) at
concentrations that would fail to meet concentration limits for that media.
2.3 GENERAL RESPONSE ACTIONS

General response actions are those actions that will address the RAOs. The general
response actions for the BPOP waste unit group address soil contamination -and
groundwater contamination. The general response actions for soil, identified in Table
2.1, are:

» No remedial action;
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« Institutional controls;
e  Containment;
e In-situ treatment;
»  Ex-situ treatment; and
e Disposal.
The general response actions for groundwater, identified in Table 2.2, are:

o No remedial action;

« Institutional controls;
+ Containment;

« Recovery;

. Treatrhent; and

« Disposal.

2.4 IDENTIFICATION AND SCREENING OF TECHNOLOGY TYPES
AND PROCESS OPTIONS

Technology types and process options for each general response action were
evaluated for their applicability under the site-specific conditions. The results of this
evaluation are shown in Tables 2.1 and 2.2.

The technology types and process options found to be potentially applicable under
the site-specific conditions were evaluated against one another in terms of effectiveness,
relative cost, and implementability. Tables 2.3 and 2.4 present the results of this initial
screening of technology types and process options. These tables also present the rationale
for selection of technology types and process options retained for alternative analysis.

24.1 Soil Technology Types and Process Options

Table 2.3 identifies the process options retained for alternative development.

24.1.1 No Remedial Action .

The no remedial action option is retained for further evaluation. It provides a
baseline against which other technology types and process options can be evaluated.
Under the no remedial action option, soil conditions would vary only as a result of
natural processes. Such processes include natural biodegradation by indigenous
microorganisms, chemical degradation (changes in sorption due to variations in
contaminant concentrations in groundwater), or changes in the soil's sorption potential.
Erosion of surface soil could possibly expose contaminated soil and increase rates of
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leaching or runoff of contaminants, and no controls would cxxst to prevent future
development of the site.

24.1.2 Institutional Controls

If exposure to surface contamination is a potential threat at a BPOP, access
restrictions, such as fencing, could reduce the threat of unauthorized entry. This would
reduce the risk of contact with surface-contamination. - Deed restrictions/notifications
could be used to prevent future development on the BPOPs if DOE relinquishes
ownership of SRS. Security controls were eliminated from considerations because they
are only marginally more effective than other access restrictions, such as fencing, but
have greater long-term maintenance requirements.

2.4.1.3 Containment

Several containment strategies were considered for implementation at the BPOPs,
including soil covers; RCRA, composite, asphalt, and capillary barrier caps; and soil
vegetation.

Single-layer caps (soil covers) will be further evaluated as a means of preventing
human contact with contaminated soil, reducing the potential for future infiltration of
stormwater, and preventing erosion. Maintenance of the existing soil vegetative cover
was also eliminated as an option. Asphalt caps were eliminated because the site is not
likely to receive future industrial uses. RCRA, composite, and capillary barrier caps
were eliminated because their costs are at least 50 perccnt greater, but they do not
provide significantly greater reductlons in threats.

2414 In-Situ Treatment

Electrokinetic soil processing was eliminated from further consideration because it is
an unproven technology that may not be effective for the COCs at the BPOPs.
Bioremediation was eliminated due to the unlikeliness that it would result in attainment
of cleanup goals for all COCs. All other in-situ treatment techniques were eliminated
due to the high volume of debris buried in the BPOPs. Potential problems include
mcomplete treatment of contaminated material and thc high volume of metallic material
in the debris.

2415  Ex-Situ Treatment

Several stabilization/solidification processes were evaluated for ex-situ treatment.
Cement-based treatment was judged to be potentially effective for treatment of the COC
at KBPOP. Pozzolonic, thermoplastic, macroencapsulation, and microencapsulation
processes were eliminated because the costs are greater than for cement-based treatment,
but the effectiveness is essentially the same.
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Chemical extraction and soil washing were eliminated because it was judged to be
ineffective for the types of contaminants commonly found at BPOPs.

2.4.1.6 Disposal

On-site disposal in E-Area vaults was retained as a potential disposal option for
excavated soil, either before or after treatment is conducted. The Soil Consolidation
Facility was also retained, although-the facility-is-currently-in the preconceptual stage and
may not be on-line when remediation is conducted. Mixed waste storage buildings were
also considered, but eliminated due to the limited lifetimes of the buildings.

Off-site disposal at Envirocare was retained as a potential off-site disposal option,
although treatment may be required prior to waste disposal. Disposal at the Nevada Test
Site was eliminated due to high transportation costs, which are not warranted for low-
level contamination typical of the BPOPs.

24.2  Groundwater Technology Types and Process Options

Table 2.4 identifies the process options retained for alternative development.

24.2.1 No Remedial Action

The no remedial action or natural attenuation/degradation option has been retained
* for further consideration. This option provides a baseline against which all other options
" may be evaluated.

2.4.2.2 Institutional Controls

Institutional controls such as an alternate water supply, alternate concentration limits
(ACLs), and periodic groundwater monitoring were all retained as potentlally
implementable individually or in tandem with treatment options. :

Alternate water supphes would be effective if residential, industrial, or agricultural
water supplies become contaminated. However, since water supply wells are not
contaminated, the alternate water supply alternative was eliminated. The use of ACLs
may be appropriate if ARARs are exceeded but there are no human health threats from
groundwater; however, the use of ACLs must be approved by the South Carolina
Department of Health and Environmental Control. Long-term monitoring will allow an
assessment of changes in groundwater contaminant conditions and could be used with
any other alternative. |

24.2.3 Groundwater Containment

Soil covering and slurry walls were retained as potentially effective options for
reducing contaminant migration. Sheet piles and grout curtains were eliminated because
they all offer less effectiveness than either capping or slurry walls.
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24.24 Groundwater Recovery

The extraction well process option was retained for collection and removal of
groundwater as readily implementable at the site. Interceptor trenches were considered
to be technically impractical due to depth requirements at the BPOPs. Hydraulic
fracturing, for increasing the rate of recover, was eliminated based on soil conditions.

2.4.2.5  Treatment
PHysical Treatment

Activated carbon adsorption was retained for treatment of organic contaminants, but
the use of other treatment methods may be necessary for inorganic contaminants. Air
stripping, air sparging, and UV oxidation were eliminated because they are used
primarily for the treatment of volatiles, which are not a primary concern at the BPOPs.
In-situ steam stripping was eliminated because clay layers could prevent complete
treatment. Reverse osmosis, polishing filters, and membrane microfiltration were
eliminated because other treatment methods would be more cost-effective.

Chemical Treatment

Ion exchange, clarification/filtration, chemical oxidation/reduction, reverse osmosis
and metals precipitation were all retained as potentially-effective treatment options. The
specific treatment method will be dependent upon the types and concentrations of
contaminants present at the individual BPOPs.

Point of Use Treatment

. Point-of-use treatment was eliminated as a process option for treating because
residential wells are not currently, and are not anticipated to become, contaminated from
the BPOPs. ~

Biological Treatment

Biological treatment process options were not retained because they are unlikely to
result in attainment of cleanup goals. -
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2.4.2.6 Disposal

Onsite disposal, by reinjection and by spray irrigation, were retained as potentially -
effective methods for disposal of groundwater following treatment. Off-site disposal in a
publicly-owned treatment works (POTW) was also retained as an option for disposing of
either treated or untreated groundwater. '

2-7

E\BINGHAM\K_FS\REV N\SECTIONS\S-2. WW6




IMMT-T-INSTTEVIN ATISI NAVHONIEVT

"S0NSIAIORIRYD I3A0D [10S

mzocowoﬁo: 10 93eurelp sjenbope opraoxd jou Lepy | - pareurnuifs uonea3aA [i0S§
"SI0A00 [10s a)1soduwiod pue YYDy sedwes | pajeurue 4240 10§ 121040q £40]]1dDD
"sjygeuaq 10jeaId Apuesruds Surpraoid moim
I5A00 108 10Ae[-O[SUIS UL $I1S00 SOULUSIUIBW 19JealD) | pSjeumuyld 42402 J10S 3jpYdsp
*9A0qQE SB SweS | pereurwife 42400 105 21150dUI00

*Je21y3 renuajod Uy uorONpal
Jueoyu3ts opiaoid Jou p[nom 3S0d [RUOnIppE I9)jeald

yonw uaouﬁ rewidrew e Kuo st [1os woiy Suryoes| pareuru[o 42400 1108 VYOY
*19R)U0D J034IP JO Jea1y) SUronpar pue A
wcioaﬂ JUBUTWRIUOD wﬁozuou 10J 9A1309JJ3 A[renusiod paureal 424009 1108 43LD]-2)8U1S ©
, ]
Susao)) 108 LELN 1) (1)) N
.wcmoc&\maouowmou $S900B UBY} SATIOR]J0
a1ow K[peurdrew Ajuo ‘soueusiurew uu)-3uo] YSIH paleUIUIe sj04u09 (3141235
*9A0Qe St swes paureas SUONDLIISIL PaSP

‘suonoe asuodsal JOYI0 YPIm uononfuod
Ul pasn 9q Aell {[eLISIeW PIJRUTUIRIUOD )M JOBIUOD

199I1IP JO Jea1y) SUTONpal 10§ 9ANIRYJS A[[enusiog pourejax SupUI/SUONINSIL SS2IID
[0XU0)) $§900Y s[oajuo)) feuonNINSUY
*dON 3pun panmba UOREISpISIOD) paurejal UOHOE [RIPOWal ON uondVy felpauiey oN
sn)e)s suoy;dQ ssadold
SHUBUWILIO)) SUTUNIIS K1 IUEERRIN 2% serdojouyd3 ], SuoIIY Isuodsay] [eroudsn)

BUI[0IE)) YINOS AJIS JIATY [BUUBAES ¢ dnoxn) aysepp s31d 98enQ dwng wreydurg
3} 10 SAS0[OUYI Y, [BIPIWIIY [I0§ 10} Arewrung SUIUIRIG ‘17 A[qel

L661 Areniqaq : | wodsy Sd
['A9Y ‘1€8-96-dd-D¥SM 4 ng 98enp dumng weySurg eory-3f




.

MM 1-T-INSTTEVIN ATNSI SNAVHONIAVT

*JS00 Jomo] se uonosyord :
Jepnuis apraoid pnom ssaooid peseq-juswia) pajeuruife §s200.4d 21uvjozzod

*J9)empunois o) [10s woij uoneISnu

JUBUTUIRIUOO SUIONPAL IO 9AROAYYR A[[enUs}od paureias w20
uoneslIpIoS/ucnezi[Iqels A juduneas ], nyIS-xy
WG0U0d JO SJURUNUEIUOD 10y sfeos dnues]? 10ow
0} AJayIjun ‘syueuTUIRIUOD OTUeSIo JOJ pasn e pareuruIe UOTIBIPSWAIONG TIS-U]
A
"pajeanun 339 seare U SUNINSI ‘[0S YIIM 10BIU0D
JUSAOS 9onpal A[oNI[ P[NOM [I0S UT paung SHqa] pateuruI Surgsnyj JusA[0g
*J9)eMpuUnoI3 0 J10s w0y uoneISnu _
JUBUIUEIUOD SUIONPaI 0] 9ANOYR A[[enusiod paurelel 4 UOLBOYLIIA
UISJUOD JO SIUBUIWIBIUOD
3y} 10§ 21032 aq Jou Lew ‘AZojouyos) usaoid € JoN paleurwIe Suissaooxd jros oneunjonos|y
*9A0qE SE Swes | PpaleUTWI[ ousvjdoursayy
*1500 JoMO] I8 uonos3j01d
Tefruxis Spiaold pynom ssao0ixd paseq-jusua) pajeunuife ssa004d 21uvjozzod
"I91eMpUnOoI3 0 [10s WOy uoneIsru
JURURIEIUOD SUIONPal 10J 9ANI9)J0 Aj[enudjog |  pourelax W0
UonBIYIPI[OS/UCHRZITIqRIS jusuneal], mIg-ug
. _ snje)q suond() §s9301g
STUIUWIUIO)) SUIUIAIG FAUEER aIN 2 sa1dofouyda], SuoIOY asuodsay] [eaduan)

BUI[OIE)) YINOS ‘IS JIATY Yeuueaeg ‘dnous) ajsepp sy adenQ dung wreysurg
a1} J0] sa130[ouYd I, [BIPAWAY [10§ 10} Arewrming SUIURING *(pIanunuod) 1°7 dqe],

L661 bmincm .  yodoy Sq
I 'A9Y ‘1€8-96-dd-DdSM . nd 28emQ dung weydurg eary-3

—

2-9




IMMT-T-INSTTEVIM ATNSE NWVHONIEVI

'sdOdd e punoj UoNBUIIRIUOD [IAI]
-MO] 9} JOJ pIjuBLIEM J0U JIk §)509 uoneuodsuen Yy pareunwuie 2118 153 ], DPLABN]
[esodsip aus-1JO

"Juswdojaasp b:,__o& Surpuad £3ojouyos)
SATIBAOUUL SB PauIeIdy ‘uoperpswal Suunp suruo

9q j0u Aew pue 33e1s [erydoouooard bl st Li[1oR pouresas Ki1ov,] uonppijosuoy) J108
‘swejqoxd [onuod sse008 pue sSuIp[Ing JO SWHAJY _ sSuipping '
panuwy 03 onp 98e10)s JuoueuLrad J0J 9[qISes) JON pareuruI]e 2801018 2ISVM PIXIN
jusunEa JSYJe JO 910Joq
I9YIIL ‘(10§ pajeARIXa JO [esodsip Joj uondo s[qises,] paurelal . SINDA DaLY-F
| | | resodsp SYS esodsiq | =
o~
'SdOdd ¥e punojy
Auouros syueurueiuod Jo sad£) 10y A0S0 10N poleuRI . 8urysem [rog
: SdOdd e punojy
AJuourios sjuBUTIRIUOD JO sadA) 30] 2ANDRYJR JON pajeuTwId UONIBNXA [BOTWAYD) (PINuUnuod) JUBUNBILY, MIS-XT
"9A0QE SB JuIes paleuTe uonvnsdpousoonu
*9A0QE SB SWeg PolRUIIS uonvnsdvouaosovw
*9A0qE Se sureS pejeurId - ousvidowdayy
, snje)s suorjdQ) ss3%01g
SJUWIWO)) FUIURIIS R UEERRIN 29 sargojouyda], SuUONdY dsuodsay [BI3UIL)

BUI[0IR)) YINOS ‘DNS JIAR Yeuueaes ‘dnois) ajsepy sid asein( dumng ureydurg
9Y) J0J SASO[OUYI ], [BIPIWNY [10S J10] Arewruing SUIULAIDG *(PaNuUnuUod) ['7 Aqe],

1661 Areniqag . - poday sd
[ 'A% ‘1€8-96-dd-DUSM. - nqg o8eing dung weysurg eary-3




MM T-T-INSTTAVINL ATNSI SNAVHONIEN]

2-11

: *QUOTE BaIy-3]
1e SUONIPUOD JO SIseq 3y UO PAJIJ[as USaq Jou dary pue dnoin 9)sepm Y U JOdd Aue Joy sjqeordde Ajrenusyod are sardojouyos) esay L,

SHION

_ ‘resodsip 03 Joud pambar aq Aew yusuneon
‘9)5eM PajeABIXS JO Jesodsip Jusueuriad 10J SANORYH paure;al 2.4020410U5]

snje)s suord() $s330.1J |
sjuaWIIIO) SUIUIRIIG Suusarng 29 saigojouyda], suonoy asuodsay [e12U39)

BuIjoIB) YInos ‘9IS JIAIY yeuueaes ‘dnoas) aysepn sjg adenQ dung weysurg
91} 10J SAFO[OUYII T, [EIPIWAY [I0S 0] Arewrung SuIuRIOS *(PINUNU0D) [T IqE],

————— —

1661 Arenuqa, | vodey sd
[ A9y ‘1€8-96-dY-DASM _ . 1 98enQ dumy weySurg vary-3




MM T-T-INSTHTEVIN ATISS NNVHONIAVT

sjudWIWIO)) SUIUIAIIG

*SSOUSATIORIJS 9onpal _
pue urennd Jo juswsoeld Jopuly Aew sUqsp paung pareuruI[e ureynd noid [eIuozZIoH
"9A0QE SE JuIeS pareurwiIye © sureumo noid
*Anqiqerrsa 191ea13 193J0 sjjem Aungg pajeuruIIfe sond &oﬁ
_ “goIE 901008 WOJ) uoHeIFru .
yueurwrejuod SUronpal J0J 9ANRYJ AJ[EnUsjod paureas s[rem Aumys
SIOLLIBQ [BONIOA
"BoJ¢ 90IN0S
wolj uoneISru pue JURYOES| JUBLTIEIU0O SuTonpal
pue uonen[yur Suronpar JoJ SARYYS A[fenusiod paurejar SurreA00 10§ juduIuTeIu0))
‘uoneIdnu ‘uonenuone
‘uonepeISsp JUBUILIRIUOD SUTUTULISIRP J0 SANOSYH paurejal . Sunojuow I9jeMpPUNOID)
m ‘pasod st Js1I (esy Jueoyudis
| U g ‘papasoxa are SYY YV JI 2AN0Y33 A[[enusiod paurejal TOZW/TOV
_ *SBaTe POIBUTWIRIUOD Ul
Ioyempunoisd Jo 9sn SunowIsSal J0J 9A1RYIS Affeniusiod paurejal S[OT)UOD $S300Y
"paleurure)uod jou are sjem Ajddns 1orep pajeuTWIe Ajddus 1o1eMm SjRUILBIY s[oqjuo)) [euonMNSUY
*dDN Ispun pannbai uoreropisuo) paureal uonoe [eIpSWal ON uondy [BIpaway oN

F1 L EER BTN

2 sardojouyda], uoIjoy asuodsay [erduan)

BUI[0IE)) YINO0S ‘DNS JALY YeuuraeS ¢ dnoxn djsep) s a8einQ dumy wreydurg
31} J0J SAIZ0[oUYIA I, [BIPIWY JIJeMPUNOIs) 10] Arewrung SUIURIS 77 IqeL

L66]1 Areniqag

[ 'A% ‘1€8-96-d¥-DUSM

woday Sd
1 9SemQ dung weyurg eary-j

2-12




"SJUBUTWIEIUOD SUTAOWAI J0J 9AN0A)0 AJ[eNIU0]

IMM T-T-INSTTAVIM ATNST NAVHONIEN]

paureal SISOUISO 9S19A9Y
TN e
~1S00 2J0W 9q P[NOM $21UBSIO0 JOJ JUSUIILBAT) MIS-XO
0s ‘A19A0001 19yeMpunoid axnbai [ins pynom somesiour
JoJ Juauryear) (syoke] B[O 03 oNP SANIJJAUT 9q AeIA poleUTI[S (nyrs-ur) Surddns ureaig
"9A0(E SB Swes pajeuTmIIo UOIBPIXO A
*9A0QE SB dues pareunuIe Suidreds mry \
*311S STYI I8 SIUBUIUBIUOD JOJ SANO)Jaul
AToAne[a so1ue3I0 9[NB[0A J0] Pasn AjewLy pejeurwII|o Surddms 11y
"SpOYIouW JUSUIIER) I3YI0 YIIM
uononfuos ur asn 03 ATessa09U 9q AU SIUBUTUIEIUOD ,
orues1o0 SurAowal J0J 9ANORYJR A[[enusjod paureyal uondiospe UoqIed pajeAnoY jusunesi], easkyd
juuUnBALY,
‘S 30 [eo1d4) SuUIIPas parepIoSuooUn _ :
Ul 10U ‘SUOBULIO PAJEPI[OSUOD Ul pasn AJLrewiy paleuruIr[e Surmyoely orneIpAH
"SYS I8 paAIasqo
(.05<) syadap 191eMpUNOIS 3} J0J I[qISEaY JON paojRUTIS soyoua1) 10)dasrayuy
"JoLLreq o1fneIpAy e Jumuioy Aq
uonRISIUI JUBUIWERIUOO JUTONPAI JOJ pue Jajempunold :
pajeurLIEIuU0d SULISA003] JOJ 9ANOAYR A[[enuslog paureias S[lom uonoenxyg £I3A009Y JAJBMPUNOIY)
snje)s suond(Q ssadorJ
- SHudWIU0)) SUIUIIIIG duuaaIdg 29 sa1do[ouydd], U0y asuodsay [eIouds)

BUljode]) YInog ‘35S Isary yeuuwazs | dnois ssep sig-odeing dumng weydurg
3y} 10 SABo[oUYII], [BIPIWAY JIJEMPUNOIL) J0f Lrewung SIS "(panupuod) T°7 AqeL,

9661 Ioquisydeg
0 "A9Y ‘1€8-96-dd-DUSM

uoday S

nd ofeing dung weysurg eary-3[

2-13 .




MM T-T-INSTTAV.INE ATNSS NNVHONIEVT

2-14

. “UI90U02 JO
SIUBUTWIEIUOD oY) 10J s[eod dnuesd Joowr 03 A[oxI[un paleurUIe sioyoeaI0Ig
. “Jo5mbe u1 Jusu0d
Aeo 48y 03 a0P HNOYFIP 9q ABW JUIILAT) {UISOUOD JO :
sjueuiweluod oY) J0J s[eod dnueso 3esw 03 AjoNITUn pareuIIe UONRIPaWLIoIq MIS Uf Jusunesl], reoidojorg
"uoneurIRINO 19jempunoid £q payoeduwr ’
3q 0 pa3osfo1d 10 AUAIND Jou I8 S[[eMm [RIIUSPISIY paleuIIe S)IUN JUSUIESI) SWIOY U] uouneas], asf] Jo urod
*9A0QE S® Jwes paurejal uonendioald spele|y
*9AOQE SE Jweg paule)al uoneN[Iy /UONEIJLIRLD)
*9A0qE S SuIes paurelar Uo[oNpal /UOTIBPIXO [BIIWSYD)
*SPOYISW JUSWIBIT) JOYO
. (3Im uonon(uod ux asn 0) A1esse00u 3q Aeu {wIAOU0d :
JO SIURURURIU0O SUIAOWAI J0J SALIALJD Arenuaioq paurelar a8ueyox3 uoy JUSUNBALT, [BOTRYD
*9AOQE SEB SuIeS paleuruIe UONRN[IJOIOT SUBIGUISIA]
*9AOQE SB SwWeS | pojeuru[d 19113 Surystjod (psnunuoo)
: apiponuoIpel/s[eIaw AABSH " Jusuneal], [ed1sAyg
snje)s suonjdQ ss9d01g
SHUBWWOY) SUTURIS 1L EER BTN 2 sa1dojouyday, oIy asuodsay] [BIIUIN)

BUI[0IB)) YINOS ‘9IS JIALY Yeuueass ¢ dnoxn ajsep) sjid 28emQ dung weysurg
9V} 10 SAITO[OUYII ], [BIPIUWIIY JI)BMPUNOIL) 0§ Lrewruing FUIURIOG (PINUNU0d) 7°7 dqel,

9661 Jequiaydag
0 A9y ‘1€8-96-dd-DdSM

wodey sd

HE a8einQ dung weysurg m8<-M




MM T-T-INSTTEVINT ATIST NAVHONI VL

2-15

v _ *QUOTE BAIV-3]
18 SUOTIIPUOD JO SISEQ SY) U0 PIJO9Ias Uoaq J0u dAey pue dnoip) JIsep Ui ut JOdd Aue 10§ sjqeordde Ajenusiod are sa13o[ouyd) 959y,

‘paxninbai aq j0u Aewr 0 Aewr Jusunyeanjord

$191eMpUN0I3 PIoA093X JO [esodsIp 10J 9ANRYH peurejal MIOd
[esodsip as-JO
"9A0QE SB e paure)ax uopedun Keids
Juswsyesl) Suimorjoy :
I9)eMpunoisd pasoaodal Jo [esodsIp 10 AN pourejar uonossfural
. fesodsip S¥S fesodsiq
, snje)s suond(Q ssa201g .
sjuduiwoy) SUIUIINS ~ urudang 29 saIgojouydd], uonOy asuodsayf [eraudn

BUI[OIEB)) YINOS ‘O3S JAATY YeuueaeS ¢ dnois) 9jsep) s31d @3emnQ dung ueyurg
3Y) J0J SATo[oUYII ], [IPIUWIY JIJBAPUNOIL) J0) ATeUing SUIUIINS *(PINUNU0D) 7°7 d[qR ],

9661 Hon&oaum _ _ - uodeoy S
0 "A9Y ‘1€8-96-dY-DISM ng 98einQ dung weyduig eary-3y




K-Area Bingham Pump Outage Pit WSRC-RP-96-831, Rev. 1
ES Report - February 1997

Table 2.3. Retained Soil Remedial Technologies for the
Bingham Pump Outage Pits Waste Group', Savannah River Site, South Carolina

General Response Action Potential Technology
No Remedial Action No remedial action
Institutional Controls ' Access Control
Access Restriction/ Fencing

Deed Restrictions/Notifications

Containment . Soil Covering

Single layer soil cover

Treatment
-~ Ex-Situ Treatment Stabilization/solidification (cement)
In-Situ Treatment ' Stabilization/solidification (cement)
A Vitrification
Disposal SRS disposal _
. Soil Consolidation Facility
: ( E-Area vaults
Off-site disposal
Envirocare

"These technologies are potentially applicable for any BPOP in the Waste Group and
have not been selected on the basis of conditions at K-Area alone.
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Table 2.4. Retained Groundwater Remedial Technologies for the
Bingham Pump Outage Pits Waste Group', Savannah River Site, South Carolina

General Response Actions Potential Technologies &
Process Option
No Remedial Action : -| No remedial action
Institutional Controls 7 . |ACLMZCL

Groundwater monitoring

Access Controls

Containment Soil Covering

Vertical barriers
shurry walls

Groundwater Recovery ' Extraction wells

Treatment
Physical Treatment Activated carbon adsorption

Chemical Treatment ' Ion exchange

( Chemical oxidation/reduction
Clarification/filtration

Metals precipitation

Reverse osmosis

Disposal - SRS disposal
reinjection
spray irrigation

Off-site disposal
POTW

“These technologies are potentially applicable for any BPOP in thé Waste Group and
have not been selected on the basis of conditions at K-Area alone.
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SECTION 3
DEVELOPMENT OF ALTERNATIVES

In this section, remedial technologies are grouped into ranges of remedial
alternatives for soil and for groundwater. The criteria used for the evaluation of the
alternatives are also presented.

3.1 SITE-SPECIFIC REMEDIAL ACTION OBJECTIVE

General RAOs for the BPOP waste unit group were developed in Section 2.
Remedial goal options specific to the KBPOP were developed in the RI/BRA. These
- RGOs are: ’ '

Target Cancer Risk
Receptor 1.00E-04 1.00E-05 1.00E-06
Future Worker (pCi/g) 1.06E+01 1.06E+00 _ 1.06E-01
Future Resident (pCi/g) 2.08E+00 2.08E-01 2.08E-02

The development of the RGOs is discussed in further detail in Section 4.

3.2 SELECTION OF REMEDIAL ALTERNATIVES

Alternatives were developed by combining technology types into candidate remedial
action alternatives. The technology types remaining from the screening in Section 2 are
potentially applicable at any of the BPOPs. Those technology types that are applicable to
KBPOP were used for the development of these KBPOP-specific alternatives.
Therefore, technology types identified in Section 2 may not all be carried forward into
this section. 4

Alternatives were developed for each media based on the results of the technology
screening. The alternatives represent a range of remedial options to achieve the RAOs.
The alternatives could be combined if necessary so that different technologies
complement each other to effect achievement of the RAOs.

The following preliminary remedial alternatives were developed for soil and debris:

Altemative 1: No Remedial Action

Rationale: The No Remedial Action alternative is required by the NCP.

3-1
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Alternative 2: Access and deed restrictions/notifications

Rationale: Access restrictions and deed restrictions/notifications meet the
general response of institutional controls. Potential current and
future exposure pathways are eliminated or reduced by site control
mechanisms.

Alternative 3: Soil cover '

Rationale: Placing a soil cover over the wdste disposal area satisfies the

Alternative 4:

Rationale:

Alternative 5:

Rationale:

Alternative 6:

Rationale:

Alternative 7:

Rationale:

Alternative 8:

Rationale:

general response of containment. While Alternative 3 minimizes
waste handling, it offers no reduction in waste toxicity or volume. A
soil cover does offer potential reductions in contaminant mobility
into groundwater.

Excavate debris and dispose at E-Area Vaults or Son!
Consolidation Faclhty, backfill; soil cover

Alternative 4 satisfies the general response of containment. This
alternative provides additional protection through removal of debris.
The tradeoff is additional waste handling.

Excavate debris and dispose at Envirocare Facility; backfill; soil
cover

Alternative 5 satisfies the general response of containment. This
alternative provides additional protection through removal of debris
from SRS property. The tradeoff is additional waste handling and
cost .

In-situ solxdlficatlon of soil and debrls, soil cover

Alternative 6 addresses the general response of in-situ treatment.
This alternative focuses on treating the most accessible and
contaminated soil so as to minimize waste handling.

Excavate debris and dispose off-unit; in-situ solidification/
stabilization of soil; backfill; soil cover

Alternative 7 satisfies the general response of in-situ treatment. This

alternative provides additional protection through removal of debris.
The tradeoff is additional waste handling.

Excavate debris and dispose off-unit; in-situ vitrification of soil;
soil cover

- Alternative 8 involves an innovative technology that addresses the

general response of in-situ treatment. Alternative 7 focuses on
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Alternative 9:

Rationale:

treating all known contaminated soil. Vitrification offers the
potential for superior long-term effectiveness over grouting. The
tradeoff is greater cost.

Excavate debris and dispose off-unit; excavate soil;
solidify/stabilize soil; backfill treated soil; soil cover.

Alternative 9 addresses the general responses of ex-situ treatment

- and- containment. - This---alternative - focuses. -on - treating ‘-the

contaminated soil. This alternative requires more waste handling,
but offers confirmation that treatment of contaminated media
achieves a minimum treatment standard.

Alternative 10:Excavate debris and dispose off-unit; excavate soil; vitrify sbil;

Rationale:

backfill treated s_oil; soil cover.

Alternative 10 involves an innovative technology that addresses the
general response of ex-situ treatment. Alternative 9 focuses on
treating the contaminated soil. In addition to confirming that all
soil exceeding minimum treatment standards has been treated,
vitrification offers the potential for superior long-term effectiveness
over grouting. However, ex-situ vitrification will require more waste
handling than in-situ treatment and has a significantly greater cost
relative to grouting.

Alternative 11:Excavate soil and debris; sohdlfy/stabilize soil; backfill treated

Rationale:

soil and debris; soil cover.

This alternative addresses the general response of ex-situ treatment.
Under this alternative, all contaminated material is treated and
retained at the site.

Alternative 12:Excavate debris and sbil, disposal in E-Area vaults or Soil

Rationale:

Consolidation Facility, if applicable.

Alternative 12 involves the disposal of contaminated soil in a
conceptual Soil Consolidation Facility and addresses the general
response of off-unit disposal. While this alternative offers complete
containment of the waste, off-unit disposal does not offer waste
treatment that would reduce the toxicity, mobility, or volume of the
waste and would involve waste handling.

Alternative 13:Excavate debris and soil, off-site disposal at Envirocare facility.

Rationale:

Alternative 13 involves the landfilling of contaminated soil and
addresses the general response of off-unit disposal. While this

alternative offers containment of the waste, it does not offer waste
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treatment that would reduce the toxicity, mobility or volume of the
waste, or otherwise decrease the inherent threats or risks associated
with the waste. This alternative would also involve significant waste

handling.

The following preliminary alternatives were developed for groundwater

Alternative 1:

Rationale:

Alternative 2:

Rationale:

Alternative 3:

Rationale:

Alternative 4:

Rationale:

Alternative 5:

Rationale:

Alternative 6:

Rationale:

Alternative 7:

Rationale:

Alternative 8:

Rationale:

No remedial action

The No Remedial Action alternative is required by the NCP.

Long-term monitoring

This alternative would provide monitoring of site conditions, which
would warn of any changes in groundwater concentration levels.

ACL mixing zone

This alternative would consider alternative concentration limits
based on potential groundwater uses.

Access control

Access restrictions meet the general response of institutional
controls. Potential current and future exposure pathways are
eliminated or reduced by site control mechanisms.

Soil cover

Soil covering would control groundwater contamination by reducing

surface water infiltration, leaching of contaminants, and
contaminant migration to groundwater.

Seil cover and slurry wall

Alternative 6 addresses the general response of containment. The

-soil cover would reduce infiltration, while the slurry wall would

reduce or eliminate the off-site mobility of contaminants.

Groundwater recovery; treatment by reverse osmosis

Alternative 7 meets the general response of treatment. Groundwater
would be removed by extraction wells or similar methods and
treated by reverse osmosis.

Groundwater recovery; treatment by ion exchange

Alternative 8 meets the general response of treatment. Groundwater
would be removed by extraction wells or similar methods and
treated by ion exchange.
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Alternative 9: Groundwater recovery; treatment by precipitation

Rationale: Alternative 9 meets the general response of treatment. Groundwater
would be removed by extraction wells or similar methods and
treated by precipitation.

The conditions of groundwater at the K-Area BPOP are believed to be caused by
contamination from other areas. The groundwater at this area will be addressed as part
of the treatment plan for the source location. Therefore, only the No Remedlal Action
alternative was investigated further for the groundwater media.

3.3 SCREENING OF REMEDIAL ALTERNATIVES

3.3.1 Introduction

In accordance with the NCP, it is desirable, when practicable, to offer a range of
diverse soil remedial alternatives to select from during detailed analysis. In order to
provide a range of potential alternatives for detailed analysis, at least one alternative will
be retained that represents each of the following general response actions:

e No remedial action,;

s Institutional controls;

e Containment;

e In-situ treatment;

o Ex-situ treatment; and
~ o Off-unit disposal.

Some alternatives are comprised of two or more general response actions (e.g., in-
situ treatment and containment). In such cases, the alternative will be classified as a
function of the primary general response action or component of the alternative that
enhances its effectiveness over similar alternatives. For example, an alternative that
involves in-situ grouting of soil and construction of a soil cover will fall under the
general response of in-situ treatment, since in-situ grouting will enhance the alternative’s
effectiveness over an alternative that involves only a soil cover. The soil cover-only
alternative would fall under the general response of containment.

At the alternatives screening point in the FS process, alternatives will be evaluated
more generally than during the detailed analysis; however, screening evaluations will be
sufficiently detailed to distinguish among similar types of alternatives. Comparisons will
be made among alternatives having a common general response action. To ensure that a
range of approaches are considered, at least one (i.e., the most promising) alternative
from each general response action will be retained for detailed analysis. During
comparative analysis (Section 4), comparisons among alternatives will differentiate
across the entire range of alternatives.
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EPA’s CERCLA guidance for the FS process provides three broad criteria against
which whole alternatives are evaluated during the screening process (EPA, 1988a). The
criteria are:

o  Effectiveness;
e Implementability; and

e Cost.

For an alternative to be effective, it must be protective of public health and the
environment. Alternatives that do not provide adequate protection of the environment,
public health, and public welfare, or do so to a much lesser extent than a comparable
. alternative, will be rejected and will not be considered for detailed analysis.

Implementability addresses both the technical and institutional feasibility of
constructing, operating, and maintaining components of an alternative. Under this
criterion, alternatives are evaluated based on the technical feasibility to construct, reliably
operate, and meet techinology-specific regulations for process options until a remedial
action is completed. Alternatives that involve innovative technologies are retained as
long as there is “reasonable belief” that the alternative will offer better treatment
performance, fewer adverse impacts, or lower costs for similar levels of performance,
over alternatives that involve conventional technologies. Alternatives that are clearly less
technically or administratively feasible than comparable alternatives may be removed
from further consideration.

A quantitative cost evaluation is provided so that cost comparisons can be made
among similar types of alternatives. The costs for alternatives are developed for
comparison purposes only and are not intended to forecast a budgetary estimate of actual
expenditures. Those alternatives that demonstrate comparable levels of effectiveness and
implementability as other alternatives but at significantly greater cost will be eliminated.
Similarly, alternatives that are equivalent in cost but are clearly less effective than other
comparable alternatives will also be rejected. Costs will not be otherwise used as a
criterion to screen alternatives at this point in the FS process.

The following subsections present a description of potential alternatives and an
evaluation of each alternative based on the screening criteria discussed above.
Alternatives retained after this screening will undergo detalled analysis of alternatives in
Section 4.

3.3.2 'Areas and Volumes of Media

The disposal area at the KBPOP covers an area of approximately 64 feet by 405 feet.
This is approximately 26,000 square feet. The total volume of media and debris that
would be addressed by the alternatives in this section is approximately 13,150 cubic
yards.
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3.3.3 Alternatives Under the General Response of No Action

Listed below are a description, screening comments, and evaluation of Altemative 1.
Alternative 1 is the only alternative that is categorized under the general response of No
- Action. '

3.3.3.1 Alternative 1: No Remedial Action

Alternative 1 is a true “no action” alternative. Under this alternative, no.remedial
efforts would be conducted to remove, treat, or otherwise lessen the toxicity, mobility, or
affected volume of contaminated media. Only those site access restrictions that currently
exist at SRS would be implemented under this alternative.

Access to SRS is controlled at primary roads by continuously manned barricades.
Other roads entering the site are closed to traffic by gates or barriers. The entire SRS
facility is surrounded by an exclusion fence, except along the Savannah River. The site
is posted against trespassing under Federal and State statutes. Consequently, this
- alternative would satisfy short-term protectiveness of human health through the existing
site access restrictions at SRS. '

Under this alternative, radioactive decay would be the primary mechanism providing
a reduction in 137Cs concentrations within the soil and debris. The maximum
concentration of 137Cs within the KBPOP is 0.295 pCi/g. The remedial action target goal
for 137Cs is 0.0208 to 2.08 pCi/g. Based on the half-life of 137Cs (30 years), the estimated
time for radioactive decay to reduce the concentration of 137Cs to the lower end of the
target goal range, 0.0208 pCi/g, is approximately 115 years.

Long-term protectiveness of human health would be achieved for as long as existing
site access restrictions are maintained or until remedial action target goals are achieved.
Although site access restrictions are likely to be retained at SRS for the foreseeable
future, the restrictions cannot be guaranteed for the length of time necessai'y for
radioactive constituents to decay to levels at the lower end of the target goal range for
137Cs. Therefore, whether this alternative can achieve long-term protectiveness of human
~ health is partially dependent upon the final remedial action target goal for !37Cs.

A low-permeability zone underlies the site. Soil leachability modeling and risk
calculations show that groundwater constituent levels will not exceed MCLs within the
next 1000 years. Therefore, no additional efforts would be taken under this alternative to
contain KBPOP contamination or contaminated media. This alternative does not provide
a mechanism for verifying whether contaminants leach to groundwater in the future.

This alternative would require no construction, specialized equipment, or technical
specialists and could therefore be implemented immediately.

No capital costs are associated with this alternative. The NCP requires remedy
reviews every five years for remedial actions that result in hazardous substances,
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pollutants, or contaminants remaining at the waste unit above levels that allow for
~ unlimited use and unrestricted exposure. The only costs associated with this alternative
would be a review of remedy every five years for 30 years. No other long-term
operation and maintenance (O&M) costs would be associated with this alternative.
_ Estimated costs associated with this alternative are summarized below.

‘Capital Costs $ 0
O&M Costs 280.000
Total Costs - 7$280,000

The development of costs for this alternative is provided in Appendix A.

3.3.3.2 Evaluation of Alternative 1

This alternative would be protective of human health as long as existing site access
restrictions are maintained at SRS and would be protective of the environment since the
clay layer (hardpan) provides a barrier to migration. However, neither the access
restrictions nor the minimization of the leachability of the contaminants’ could be
guaranteed in the future.

'Additionally, the NCP requires that a No Remedial Action alternative be retained as
a baseline alternative against which all other alternatives can be compared. Alternative 1
will be retained for detailed analysis.

3.3.4  Alternatives Under the General Response of Institutional Controls

Listed below are a description, screening comments, and evaluation of Alternative 2.
Alternative 2 is the only alternative that is categorized under the general response of
Institutional Controls.

3.34.1 Alternative 2: Access and Deed Restrictions

Under this alternative, the contaminated soil and debris would remain undisturbed as
under Alternative 1. All access restrictions described under Alternative 1 would also be
in place under this alternative. In addition, a fence would be constructed around the site
and restrictions would be placed on the future uses of the site. The site would be
periodically inspected and maintained.

The fence would prevent SRS workers from inadvertently entering the site area.
Therefore, the short-term human exposure pathways would be reduced or eliminated
under this alternative. Maintenance of the current cover over the debris would provide
protection against fugitive dust. Four feet of fill at the KBPOP is adequatc to provide
protection for direct radiation from the site.
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Limitations on future uses of the site would be filed with the local zoning authority.
By controlling the future uses of the site, the long-term human exposure pathways would
also be reduced by this alternative.

Contaminant toxicity, mobility, and volume would not be affected under this
alternative. The concentration of radionuclides would decline by natural radioactive
decay. ‘

- - This alternative - requires -no specialized -equipment -or technology-and could be
implemented immediately.

The primary capital costs associated with this alternative involve the construction of
the fence and fees and labor required for land use restrictions. Five year remedy reviews
would also be required under this alternative. Estimated costs are summarized below.

Capital Costs ~ $ 20,000
O&M Costs 280.000
Total Costs $300,000

3.3.4.2 Evaluation of Alternative 2

This alternative would be protective of human health and the environment since a
low-permeability zone underlies the site. Soil leachability modeling and risk calculations
show that MCLs will not be exceeded in groundwater during the next 1000 years.

Access controls, such as fencing and restricted future use, provides better protection:
than the No Remedial Action alternative and eliminates or reduces human exposure
pathways that result in carcinogenic risks exceeding 1 x 10 as calculated in the BRA.
Therefore, Alternative 2 will be retained for detailed analysis. '

33.5  Alternatives Under the General Response of Containment

‘Pollowing is a description, screening, and evolution of Alternatives 3, 4 and 5,
which fall under the containment category of general response actions.

3.3.5.1 Alternative 3: Soil Cover

Alternative 3 involves grading and clearing the site as necessary, and constructing a
soil cover over the KBPOP. The soil cover would be a low-permeability cover with a
minimum thickness of three feet and a nominal in-place saturated hydraulic conductivity
of 1 x 10 cm/s or less. The soil cover would have an upper surface with a slope of three
to five percent to promote surface water runoff and to minimize surface erosion. A
topsoil layer having a minimum thickness of three to six inches would be placed on top
of the soil cover. The topsoil would be seeded with native grasses to increase
evapotranspiration. The topsoil layer would also protect the soil cover from damage due
to erosion, frost, and burrowing animals.
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The soil cover would be placed over an area of approximately 2,600 m2 (28,000 ft2).
The soil cover dimensions would be approximately 69 feet by 410 feet, which extends
five feet beyond each side of the KBPOP.

The soil cover would function as a physical barrier to prevent direct human exposure
to soil-borne contamination and would therefore be protective of human health and the
environment. Only three feet of soil cover is required to reduce the annual effective dose
associated with continuous exposure to the 137Cs in the KBPOP by over 99 percent and
within regulatory and DOE limits.” The three feet of soil cover woiuld provide adequate
protection from direct radiation from the site. In addition, the soil cover would minimize
infiltration and subsequent leaching of contamination from unsaturated soil to the
groundwater.

Soil cover construction is a straight-forward process requiring minimal, if any,
disturbance of contaminated KBPOP soil. Consequently, short-term risks to the health of
remedial workers would be minimal. If properly constructed and maintained, soil covers
can provide effective long-term protection to human health and the environment.

Alternative 3 would not involve any form of treatment that would reduce the
toxicity, mobility or volume of contaminants or contaminated media; however, the soil
cover would effectively reduce contaminant mobility by minimizing infiltration and
contaminant leaching, thereby reducing inherent risks associated with the contamination.
Additionally, the clay layer (hardpan) beneath the site has proven to be an adequate
barrier to contaminant migration.

In general, soil cover construction is readily implementable. Alternative 3 would
use readily available materials and conventional earth moving equipment. Numerous
qualified contractors who can competitively bid on the design and construction of a soil
cover are available. Soil covers have been commonly used at other low-level radioactive
and mixed water sites and generally do not elicit public concerns. C

Costs associated with Alternative 3 include the labor and materials needed to
construct the soil cover as well as operation and maintenance for 30 years. These costs
include a review of remedy every five years for 30 years as required by the NCP. Five
year remedy reviews are required for remedial actions that result in hazardous
substances, pollutants, or contaminants remaining at the waste unit above levels that
allow for unlimited use and unrestricted exposure. Estimated costs associated with
Alternative 3 are summarized below:

Capital Costs $300,000
O&M Costs $330,000
Total Costs $630,000

The development of costs for this alternative is presented in Appendix A.
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3.3.5.2 Alternative 4: Excavate Debris and Dispose at E-Area Vaults or
Soil Consolidation Facility; Soil Cover

Alternative 4 enhances the containment strategy presented in Alternative 3 by
removing contaminated debris from the site.

The debris and covering soil would be excavated from the site by backhoe or similar
means. The debris would be mechanically separated from the soil and disposed at the E-
Area vaults or the Soil Consolidation Facility: ~The soil-would-be ‘returned to the
excavation, which would be backfilled to grade. A soil cover would be constructed over
the site as described under Alternative 3.

Alternative 4 would not involve any form of treatment to reduce the toxicity,
mobility or volume of contaminants. However, the source of contamination would be
removed from the site. Therefore, the volume of contamination actually remaining at
the site would be reduced by this alternative.

This alternative would provide all of the long-term protections of Alternative 3, plus
the additional long-term protection provided by debris removal. However, this
alternative would involve higher levels of short-term risk because of the increased waste
handling that would be required. '

Excavation and disposal are responsible for the majority of the cost associated with
this alternative. All costs associated with Alternative 3 are also retained in this
alternative. Estimated costs associated with Alternative 4 are summarized below:

Capital Costs $10,400,000
O&M Costs 30,000

Total Costs $11,000,000

3.3.5.3 Alternative 5: Excavate Debris and Dispose at Envn'ocare
Facility; Soxl Cover

Alternative 5 also’enhances the containment strategy presented in Alternatlve 3 by
removing contaminated debris from the site.

The debris and covering soil would be excavated from the site by backhoe or similar
means. The debris would be mechanically separated from the soil and transported to the
Envirocare Facility for disposal. The clean soil would be returned to the excavation,
which would be backfilled to grade. A soil cover would be placed over the site as
described under Alternative 3.

Alternative 5 would not involve any form of treatment to reduce the toxicity,
mobility or volume of contaminants. However, the source of contamination would be
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removed from the site. Therefore, the volume of contamination actually remaining at
the site would be reduced by this alternative.

This alternative would provide all of the long-term protections of Alternative 3, plus.
the additional long-term protection provided by debris removal. However, this
alternative would involve higher levels of short-term risk because of the increased waste
handling that would be required. This alternative would require more extensive handling
of wastes than Alternative 4 because the waste must be transported to the Envirocare
facility. , \ e e

Excavation and disposal are responsible for the majority of the cost associated with
this alternative. All costs associated with Alternative 3 are also retained in this
alternative. Estimated costs associated with Alternative 5 are summarized below:

Capital Costs $12,800,000

O&M Costs © $330,000
Total Costs $13,000,000

3.354 Evaluation of Alternatives Under the General Response of
‘  Containment

Alternatives 3, 4 and 5 are each potentially effective at protecting human health and
the environment. The short-term risk to human health is greatest under Alternative 5,
while Alternative 3 presents only slight short-term risk. The potential risks to workers
can be maintained within acceptable levels under each alternative as long as there is strict
adherence to the project health and safety plan. Neither alternative should present any
significant threat to the community.

Each alternative reduces the mobility of contaminants. Alternatives 4 and 5 reduce
the volume of contaminated material at the site, but replace the removed material at
alternative locations. :

Each method is readily implementable, however, selection of an acceptable and
appropriate disposal facility may present some hindrances for Alternative 4.

Alternatives 4 and 5 also requires significantly higher levels of cost than Alternative
3. '

Because Alternative 3 provides sufficient protection at significantly lower cost than
Alternatives 4 and 5, Alternative 3 was maintained for further consideration and
Alternatives 4 and 5 were eliminated. ‘
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3.3.6 Alternatives Under the Géneral Response of In-Situ Treatment

This subsection contains a description, screening, and evaluation of Alternatives 6, 7
and 8.

33.6.1  Alternative 6: In-Situ Stabilize Soil and Debris

Alternative 6 involves in-situ grouting the KBPOP soil. In-situ grouting can be
accomplished by conventional trackhoes and tillers mounted to trackhoes, jet grouting, or
auguring. Care would be required to minimize the generation of airborne particulate
during processing. This could be accomplished by applying dust suppressants,
monitoring for airborne particulate, and strict adherence to project work plans. In-situ
grouting would begin at one end of the KBPOP and progress along the site until all soil is
treated. :

Alternative 6 would be protective of human health and the environment. Grouting
of the contaminated KBPOP soil would provide long-term protection by significantly
reducing the mobility of radioactive contaminants for several hundred years.

In-situ stabilization of soil is a relatively straight-forward process; however, due to
the increased handling of contaminated media, the potential for elevated short-term risk
to the health of remedial workers is increased. Exposure can be minimized and
maintained well below acceptable levels with the use of proper protective clothing,
scheduled monitoring of area radiation and airborne particulate levels, and strict
adherence to the project health and safety plan.

Alternative 6 would involve in-situ stabilization which is an active form of treatment
that would reduce the mobility of contaminants in soil. One disadvantage of S/S
technologies is that the volume of contaminated media is increased due to the addition of
additives such as grout; however, the treated media would be contained within the
KBPOP and would not add to the overall volume of waste to be managed. Grouting
would reduce contaminant mobility, thereby reducing the inherent risk to the .
environment and human health.

In general, in-situ stabilization should be readily implementable. Alternative 6
would likely require readily available reagents (e.g., Portland cement, bentonite, silicate),
and the use of conventional or non-conventional delivery systems. Implementation of
treatment could be hindered by the presence of debris. The debris could cause
incomplete treatment of contaminated materials, and special grouting procedures may
need to be developed. Grouting procedures would be evaluated during the remedial
design and, if necessary, special procedures would be developed at that time. Extensive
decontamination of equipment would be required since the process would be conducted
in-situ. Numerous qualified contractors are available that can competitively bid on
project design and construction. In-situ grouting in conjunction with a soil cover has
been used at other waste sites, and generally does not elicit public concerns.
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Costs associated with Alternative 6 include the labor and materials needed to grout
the KBPOP soil. Also included in the costs is the operation and maintenance of the soil
cover for 30 years. These costs include a review of remedy every five years for 30 years
as required by the NCP. Five year remedy reviews are required for remedial actions that
. result in hazardous substances, pollutants, or contaminants remaining at the -waste unit
above levels that allow for unlimited use and unrestricted exposure. Estimated capital-
and O&M costs associated with Alternative 6 are summarized below.

Capital Costs . -$1,700,000
O&M Costs 300,000

Total Costs $2,000,000

Costs for this alternative are provided in Appendix A.

3.3.6.2 Alternative 7: Excavate Debris and Dispose Off-Unit; In-Situ
Solidification/Stabilization of Soil; Backfill; Soil Cover

Alternative 7 provides the same general in-situ treatment strategy as presented in
Alternative 6. However, under Alternative 7, the debris would be removed from the unit
prior to treatment. Once the debris was removed and disposed off-unit, the excavation
would be backfilled to grade and then in-situ stabilized as described under Alternative 6.
After treatment is completed, a soil cover would be placed over the site. Off unit
disposal would be at either the Soil Consolidation Facility or the E-Area Vaults.

Alternative 7 would provide protection of human health and the environment by
removing the source of contamination from the site and then solidifying any residual
contamination, significantly reducing the mobility of the materials in the KBPOP soil.

Excavation and waste handling would present short-term risks to on-site workers.
In-situ treatment would also present limited short-term risks. All of the short-term risks
presented by this alternative could be minimized through adherence to a project health
and safety plan. : '

The total volume of contaminated material at the site would be reduced by removal
of the debris. However, the debris would only be moved to an alternative location. The
volume of contaminated soil remaining at the site would then be increased by the
solidification process. '

Costs associated with Alternative 7 include labor and equipment required to
excavate, segregate and dispose of the site debris. In addition, the costs of in-situ
stabilization of site soils and construction of a soil cover contribute to the overall
alternative costs. Site and soil cover maintenance and five year remedy reviews are also
included in the cost estimate provided below.

3-14

E\BINGHAMMK_FS\REV 1\SECTIONS\S-3.WW6




K-Area Bingham Pump Outagé Pit WSRC-RP-96-831, Rev. 1

FS Report February 1997
Capital Costs $13,000,000
O&M Costs 300,000
Total Costs $13,000,000

3.3.6.3 Alternative 8: In-Situ Vitrification; Soil Cover

Alternative 8 involves the in-situ vitrification of the KBPOP. Upon completion of
in-situ vitrification, a soil cover would be placed over the site as described under
Alternative 3. Intense heat is generatéd within the soil matrix until the matrix becomes
vitrified. When the heating energy is removed, the molten soil or melt cools into a solid,
glassy matrix.

To initiate the melting process, a conductive mixture of flaked graphite and glass frit
is typically placed between the electrodes to act as a starter path for the electric circuit.
Because SRS soil have been found to be deficient in CaO, Na,O, and K,O, a flux of 5 to
10 wt% sodium carbonate may be necessary to vitrify KBPOP soil. Based upon results
of bench-scale studies conducted on SRS soil, the soil amendments must be pre-mixed
into the soil to the desired treatment depth to ensure adequate penetration of the melt
(EPA, 1992). This would involve the in-situ mixing of amendments using conventional
earth moving equipment. A unit-specific treatability study would be conducted to
determine amendment requirements specific to KBPOP soil. To minimize equipment
downtime, all soil would be pretreated prior to initiating in-situ vitrification. When
pretreatment of soil is completed, the vitrification unit electrodes would be inserted to the
desired depth and current passed between the electrodes. The vitrification process would
be repeated until all KBPOP soil are processed. At the conclusion of the vitrification
process, a soil cover would be constructed over the KBPOP as described under
Alternative 3.

Altematlve 8 would be protective of human health and the environment. The
vitrified soil would form a very hard, durable, glassy, solid monolith that would be very
resistant to leaching and is considered a permanent remediation solution (Oma, 1994).
Residual organic compounds present would be permanently destroyed, volatile
compounds would be contained in the off-gas treatment system, and remaining inorganic
constituents would be chemically incorporated in the resulting monolith. The monolith
would be capable of withstanding long-term environmental exposure without effect. In
addition, the soil cover would function as a physical barrier to deter direct human contact
with the subsurface monolith.

In-situ vitrification of soil at the KBPOP would be a relatively involved, complex
process. A treatability study would be warranted to determine optimum recipe of
amending soil, followed by pretreatment of soil. Pretreatment of soil would require unit
preparations similar to those discussed under Alternative 6. Further unit preparation
would be required to support the in-situ vitrification process. Short-term risk to the health
of remedial workers would increase (over Alternative 3) with the additional handling and
processing of contaminated media. The use of protective measures (e.g., barrier soil,
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- dust collection hood, off-gas collection hood), would minimize remedial worker
exposure to airborne emissions and maintain their exposure below acceptable levels.
Additional safety measures include the use of proper protective clothing, scheduled
monitoring of area radiation and airborne particulate levels, and strict adherence to the
project health and safety plan. Short- and long-term risks associated with soil cover
construction are discussed under Alternative 3.

In-situ vitrification would treat contaminated soil, resulting in reduced contaminant
mobility and contaminated media volume. “~Because ‘the contaminants would be
permanently immobilized, Alternative 8 would greatly reduce the inherent risk associated
with KBPOP contaminated media. Although in-situ vitrification would reduce the
volume of contaminated media (i.e., eliminate pore space in soil matrix), the monolith
would remain within the KBPOP and would not lessen the overall volume of waste to be
managed.

Even though in-situ vitrification has undergone extensive testing and is considered
potentially feasible for a variety of applications, in-situ vitrification may be considered
an innovative technology due to limited application on large-scale projects and limited
number of large-scale systems. Two large-scale in-situ vitrification systems have been
designed and fabricated. One of the systems was designed for remediating industrial
waste sites, and the other system was designed for testing on DOE radioactive and mixed
‘waste sites. The large-scale DOE system is designed to accommodate electrode
separations of 3.5 to 5.5 m (11.5 to 18 ft) and treatment depths up to 9.1 m (30 ft; Oma,
- 1994). Although the availability of the DOE large-scale system may be limited, in-situ
vitrification should be implementable.

Soil amendments (sodium carbonate) should be readily available. Although the rigs
needed to deliver the reagents is not considered conventional, there should be a number
of contractors available that can procure the required equipment. -In addition,
conventional earth moving equipment would be required (e.g., backhoes, dump trucks,
bull dozers, compactors) to backfill the KBPOP at the conclusion of in-situ vitrification
operations. Only a limited number of qualified contractors are available that can design
and construct an in-situ vitrification system for use at a USDOE waste unit (Tixier,
1995). In-situ vitrification used in conjunction with a soil cover would not be expected
to elicit great public concerns. Implementability of soil cover construction is discussed
under Alternative 3.

Costs associated with Alternative 8 include the labor and materials needed to pretreat
soil in-situ, vitrify KBPOP soil in-situ, and to construct a soil cover over the KBPOP.
Also included in the costs is the operation and maintenance of the soil cover for 30 years.
These costs include a review of remedy every five years for 30 years as required by the
NCP. Five year remedy reviews are required for remedial actions that result. in
hazardous substances, pollutants, or contaminants remaining at the waste unit above
levels that allow for unlimited use and unrestricted exposure. Estimated costs associated
with Alternative 7 are summarized below:
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Capital Costs $17,000,000
O&M Costs $ 300.000

Total Costs $17,000,000

3.3.6.4 Evaluation of Alternatives Under the General Response of In-Situ
Treatment

Alternatives 6, 7 and 8 are potentially effective at protecting human health and the
environment. The short-term risk to human health is greatest under Alternatives 7 and 8
since they involve contact with debris and much greater processing of contaminated soil
than Alternative 6. The potential increase in health risks to remedial workers can be
maintained within acceptable limits under Alternatives 6 and 8 as long as there is-strict
adherence to the project health and safety plan. Alternatives 6, 7 and 8 should not pose
significant health risk to the public.

Alternatives 6, 7 and 8 all involve treatment of contaminated media that reduces
contaminant mobility. Alternative 8 would most effectively reduce contaminant mobility
since contaminants would be chemically and physically bound within the vitrified matrix
permanently. In-situ grouting proposed under Alternatives 6 and 7 would result in an
increase in contaminated media volume, whereas vitrification proposed under Alternative
8 would reduce contaminated media volume. However, in each case, the net volume of
waste to be managed would not be affected.

Alternatives 6 and 7 require more conventional equipment and manpower and are
more easily implemented than Alternative 8. The time period to implement and
complete Alternatives 6 and 7 would be short as compared to implementing and
 completing Alternative 8. In-situ vitrification propesed under Alternative 8 is more
difficult to implement than Alternatives 6 and 7 because of the very limited availability
~ of an in-situ vitrification unit, the need to pretreat soil using specialty equipment, and the
need for a very limited number of highly skilled and trained operators to conduct process
operations. The time period required to implement and complete Alternative 8 would be
much greater than Alternatives 6 and 7.

Estimated total present worth costs of Alternative 8 is much more than the estimated
total present worth costs associated with alternatives 6 and 7.

Although vitrification of soil would be much more effective in immobilizing soil-
borne contamination than treating using a S/S technology, the apparent need to pretreat
the soil prior to vitrification significantly lessens the feasibility of Alternative 8 as an in-
situ treatment alternative. Based upon bench-scale testing of SRS soil, KBPOP soil will
likely require pretreatment for the addition sodium carbonate. Pretreating of the soil
would be very costly and would significantly prolong the time required to complete
remedial actions at the KBPOP waste unit. In addition, Alternative 8 is clearly less
implementable and much more costly than Alternatives 6 and 7. Alternative 8 will
therefore be rejected from further consideration on the basis of implementability and
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cost. Alternative 7 will also be rejected because it provides only slightly higher long-
term protection than Alternative 6 while presenting higher short-term risks and higher
COsts.

3.3.7 Alternatives Under the General Response of Ex-Situ Treatment

Following are descriptions, screening, and evaluations of Alternatives 9, 10 and 11.

3.3.7.1 Alternative 9: Excavate Soil and Debris; Dispose Debris-Off-
Unit; Stabilize Soil Ex-Situ, Backfill; Soil Cover

Alternative 9 involves the excavation and ex-situ stabilization of soil and off-site
- disposal of debris. Upon completion of ex-situ stabilization, treated soil would be placed
in the KBPOP, and a soil cover would be placed over the site as described under
Alternative 3. The equipment needed to conduct ex-situ grouting of soil can vary from
conventional - mixing equipment. (e.g., pug mill, mixers) to heating and extruding
equipment, depending upon the type of S/S reagents used. The S/S reagent best suited to
treat the soil would be based upon the results of a unit-specific S/S treatability testing.
For the purpose of this study, it will be assumed that the S/S reagent selected would
require conventional treatment equipment.

- Using a trackhoe, the KBPOP soil and debris would be excavated to a depth of four
feet. Any visible debris extending below a depth of four feet will also be excavated;
however, the cost estimate is based on a total depth of four feet.

The trackhoe would start at one end of the KBPOP and would gradually progress
along the edges and toward the middle until all the specified soil and debris are removed.
Excavated soil and debris would be staged at a protective area adjacent to the KBPOP
prior to processing. The debris would then be mechanically separated from the soil and
transported for disposal off site. The soil would then be mixed with the S/S reagents at
predetermined ratios and the soil would be placed back into the KBPOP. Once
excavation and grouting activities are complete, the KBPOP would be backfilled with
treated material, followed by the construction of a soil cover over the KBPOP as
described under Alternative 3.

Care would be required to minimize the generation of airborne particulates during
processing. This could be accomplished by applying dust suppressants, monitoring for
airborne particulates; and strict adherence to project work plans.

Alternative 9 would be protective of human health and the environment. The soil
cover would function as a physical barrier to prevent direct human exposure to soil-borne
contamination and would minimize infiltration and subsequent leaching of contamination
from unsaturated soil to the groundwater. If properly constructed and maintained, soil
covers can provide effective long-term protection of human health and the environment.
Grouting of the KBPOP soil would provide an added measure of long-term protection by
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immobilizing the COCs associated with KBPOP soil. Removal of the debris from the
site would further protect human health and the environment by removing the source of
contamination.

Ex-situ stabilization of soil is a relatively straight-forward process; however, due to
the increased handling of contaminated media, there would be a potential for elevated
short-term health risk to remedial workers. With the proper use of protective clothing,
scheduled monitoring of area radiation and airborne particulate levels, and strict
adherence to the project health and safety plan, remedial worket exposure can be
minimized and maintained below acceptable levels. Ex-situ grouting should not pose any
significant health risk to the public. Short- and long-term risks associated with soil cover
construction are discussed under Alternative 3.

Costs associated with Alternative 9 include the labor and materials needed for pre-
treatment the soil prior to excavation for waste handling purposes, excavation of the
KBPOP soil and debris, treatment of soil, transport and disposal of debris, and
_ construction of a soil cover over the KBPOP. Also included in the costs is the operation
and maintenance of the soil cover for 30 years. These costs include a review of remedy
every five years for 30 years as required by the NCP. Five year remedy reviews are
required for remedial actions that result in hazardous substances, pollutants, or
contaminants remaining at the waste unit above levels that allow for unlimited use and
unrestricted exposure. Estimated costs associated with Alternative 9 are summarized
below.

Capital Costs $13,000,000
O&M Costs 300.000

Total Costs $13,000,000

3.3.7.2 Alternative 10: Excavate KBPOP Soil and Debris, Ex-Situ Vitrify
Soil, Backfill Treated Soil into KBPOP; Soil Cover; Dispose "
Debris Off-Site

Alternative 10 involves the excavation and ex-situ vitrification of the soil. Upon
completion of ex-situ vitrification, the vitrified soil would be placed back into the
KBPOP. The KBPOP would be backfilled and compacted to grade, and a soil cover
would be placed over the site as described under Alternative 3. Debris would be
segregated from soil prior to treatment and disposed off-site.

Ex-situ vitrification of soil involves the vitrification of contaminated media in a
vitrification unit separate from where the contaminated media is located. Initially, an ex-
situ vitrification unit would be specifically designed to accommodate KBPOP
contaminated media. The minimum time required to design and construct a Terra- Vit
portable ex-situ vitrification unit would be at least one year (Tixier, 1995). Treatability
testing would be conducted as required to support unit design. When designed, the
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vitrification unit and support equipment would be mobilized to the KBPOP waste unit,

- constructed and tested. -

Prior to excavation, soil would be treated to ensure optimal waste handling
- characteristics. Subsequently, a trackhoe would be used to excavate KBPOP soil. The
trackhoe would start at one end of the pit and would gradually progress along the edges"
and toward the middle of the pit until all of the soil to 15 ft is removed. Pre-treated
excavated soil would be staged at a protective area adjacent to the KBPOP prior to
processing. ' o I '

Because SRS soil have been found to be deficient in the amount of Ca0O, Na,O, and
K,O, it may be necessary to amend the soil with a flux of five to ten percent by weight
sodium carbonate in order to vitrify KBPOP waste unit soil (EPA, 1992). A unit-specific
treatability study would be conducted to determine if soil amendments are required.

KBPOP soil will be excavated, amended, and processed through the vitrification unit
with the vitrified soil being returned to the pit. The vitrification process would continue
until all KBPOP soil are processed. At the conclusion of the vitrification process, the
remaining capacity of the KBPOP would be backfilled and compacted to grade, and a
soil cover would be constructed over the KBPOP as described under Alternative 3.

Alternative 10 would be protective of human health and the environment. The
vitrified soil would form a very hard, durable, glassy, solid monolith that would be very
resistant to leaching and is considered a permanent remediation solution (Oma, 1994).
Organic compounds present would be permanently destroyed, volatile compounds would
be contained in the off-gas treatment system and remaining inorganic constituents would
be chemically incorporated in the resulting melt. The melt should be capable of
withstanding long-term environmental exposure without effect. In addition, -the soil
cover would function as a physical barrier to deter direct human contact with the
subsurface monolith. i

Ex-situ vitrification of soil at the KBPOP would be a relatively involved, complex
process. Vitrification of KBPOP soil would be preceded by design, construction, and
testing of an ex-situ vitrification unit. In addition, a treatability study would be
warranted to determine design requirements and the optimum recipe for amending soil.
Extensive unit preparation would also be required to support the ex-situ vitrification
process. -

Short-term risk to the health of remedial workers would exist due to the extensive
handling and processing of contaminated media. The use of protective measures (e.g.,
barrier soil, off-gas collection hood), would minimize remedial worker exposure to
- airborne emissions and maintain their exposure below acceptable levels. Additional
safety measures include the use of proper protective clothing, scheduled monitoring of
area radiation and airborne particulate levels, and strict adherence to the project health
and safety plan. Ex-situ vitrification should not pose any significant health risk to the
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public. Short-and long-term risks associated with soil cover construction are discussed
under Alternative 3.

Ex-situ vitrification would treat contaminated soil, resulting in significantly reduced
contaminant mobility and contaminated media volume. Alternative 10 would greatly
reduce the inherent risk associated with KBPOP contaminated media since the
contaminants would be permanently immobilized within the glass matrix. Although ex-
situ vitrification would reduce the volume of contaminated media, the vitrified product
would remain within the KBPOP. The removal of debris from the site would reducé the -
volume of waste at the KBPOP, but would only transfer the material to another location.

Ex-situ vitrification has undergone extensive testing and is frequently used for
treating high-level radioactive waste; however, on-unit vitrification of low-level or mixed
waste using a portable melter may be considered an innovative technology since there
has been limited application of ex-situ vitrification on large-scale projects and there are
no large-scale systems available to design and construct a Terra-Vit melter (Tixier,
1995). Despite these limitations, Alternative 10 should be implementable. Ex-situ
vitrification using a portable Terr-Vit melter has been demonstrated on a comparable
project (Chapman, 1993). Although ex-situ vitrification is a relatively innovative
technology, it would not be expected to elicit great public concerns. Implementability of
soil cover construction is discussed under Alternative 3.

Costs associated with Alternative 10 include the labor and materials needed to design
and construct a portable ex-situ vitrification system, to pre-treat the soil and subsoil for
waste handling purposes, to evacuate and vitrify the soil, to construct a soil cover over
the KBPOP, and to segregate and dispose of the debris. Also included in the costs is the
operation and maintenance of the soil cover for 30 years. These costs include a review of
remedy every five years for 30 years as required by the NCP. Estimated costs associated
with Alternative 10 are summarized below.

Capital Costs  $17,000,000
O&M Costs 300,000

Total Costs  $17,000,000

3.3.7.3 Alternative 11: Excavate Sdil and Debris; Solidify Seil and
- Debris; Backfill Treated Material; Soil Cover

_ Alternative 11 involves the excavation of soil and debris and ex-situ stabilization of
soil. Upon completion of ex-situ stabilization, debris and treated soil would be placed in
the KBPOP, and a soil cover would be placed over the site as described under Alternative
3. The equipment needed to conduct ex-situ grouting of soil can vary from conventional
mixing equipment (e.g., pug mill, mixers) to heating and extruding equipment,
depending upon the type of S/S reagents used. The S/S reagent best suited to treat the
soil would be based upon the results of a unit-specific S/S treatability testing. For the
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purpose of this study, it will be assumed that the S/S reagent selected would require
conventional treatment equipment. :

Using a trackhoe, the KBPOP soil and debris would be excavated to a depth of four
feet. Any visible debris extending below a depth of four feet will also be excavated;
however, the cost estimate is based on a total depth of four feet.

The trackhoe would start at one end of the KBPOP and would gradually progress
along the edges and toward the -middle until-all of- the -specified-soil- and-debris- are
removed. Excavated soil and debris would be staged at a protective area adjacent to the
KBPOP prior to processing. The staged materials would be mixed with the S/S reagents
at predetermined ratios and the treated product would be placed back into the KBPOP.
Once excavation and grouting activities are complete, the KBPOP would be backfilled
with treated material, followed by the construction of a soil cover over the KBPOP as
described under Alternative 3.

Care would be required to minimize the generation of airborne particulates during
processing. This could be accomplished by applying dust suppressants, monitoring for
airborne particulates, and strict adherence to project work plans.

Alternative 11 would be protective of human health and the environment. The soil
cover would function as a physical barrier to prevent direct human exposure to soil-borne
contamination and would minimize infiltration and subsequent leaching of contamination
~ from unsaturated soil to the groundwater. If properly constructed and maintained, soil
covers can provide effective long-term protection of human health and the environment.
Grouting of the KBPOP soil and debris would provide an added measure of long-term
protection by immobilizing the COCs associated with KBPOP soil.

Ex-situ stabilization of soil is a relatively straight-forward process; however, due to
the increased handling of contaminated media, there would be a potential for elevated
short-term health risk to remedial workers. With the proper use of protective clothing,

“scheduled monitoring of area radiation and airborne particulate levels, and strict
adherence to the project health and safety plan, remedial worker exposure can be
minimized and maintained below acceptable levels. Ex-situ grouting should not pose any
significant health risk to the public. Short- and long-term risks associated with soil cover
construction are discussed under Alternative 3. '

Costs associated with Alternative 11 include the labor and materials needed to pre-
treat the soil prior to excavation for waste handling purposes, excavation and treatment of
the KBPOP soil and debris, and to construct a soil cover over the KBPOP. Also included
in the costs is the operation and maintenance of the soil cover for 30 years. These costs
include a review of remedy every five years for 30 years as required by the NCP. Five
year remedy reviews are required for remedial actions that result in hazardous
substances, pollutants, or contaminants remaining at the waste unit above levels that
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allow for unlimited use and unrestricted exposure. Estimated costs associated with
Alternative 11 are summarized below.

Capital Costs $3,100,000
Q&M Costs 300.000

Total Costs $3,400,000

Costs for this alternative are provided in Appendix A.

3.3.74 Evaluation of Alternatives Under the General Response of Ex-

Situ Treatment

Alternatives 9, 10 and 11 are potentially effective at protecting human health and the
environment. The short-term risk to human health is greatest under Alternative 10 since
it involves greater processing of contaminated material than either Alternatives 9 or 11.
The potential increase in health risks to remedial workers can be maintained within
acceptable limits under all three of these alternatives as long as there is strict adherence
to the project health and safety plan. Alternatives 9, 10 and 11 should not pose any
significant health risk to the public.

Alternatives 9, 10 and 11 involve treatment of contaminated media that reduces
contaminant mobility. In terms of effectiveness, Alternative 10 would most effectively
reduce contaminant mobility since it would chemically and phys1ca11y immobilize
contaminants permanently within a vitrified matrix.

Ex-situ grouting proposed under Alternatives 9 and 11 would result in an increase in
contaminated media volume, whereas ex-situ vitrification proposed under Alternative 10
would reduce contaminated media volume.

Alternatives 9, 10 and 11 would require conventional excavation equipment and
manpower. The time to implement and complete the remedial alternative would be
shortest under Alternatives 9 and 11. Ex-situ vitrification proposed under Alternative 10
is the most difficult technology to implement because a portable vitrification unit must
first be designed, constructed, and tested before it can be used to treat soil. In addition,
operation of ex-situ vitrification equipment would require the services of a very limited
number of highly skilled and trained operators to conduct process operations. The time
required to implement and complete Alternative 10 would be much greater than for
Alternatives 9 and 11.

’

The estimated present worth cost to treat KBPOP soil by vitrification is much higher
than the cost of treating the waste by grouting. This disparity in costs is due to the high
cost of vitrification system design, construction, and operation.

Of the three alternatives considered for the general response of ex-situ treatment,
Alternative 11 will be retained for detailed analysis. Although Alternative 9 is
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implementable, it involves higher cost and more potential implementation problems and
does not provide significantly more protection than Alternative 11. Alternative 10 w111
be rejected on the basis of implementability and cost.

3.3.8 Alternatives Under the General Response Off-Site Disposal

This subsection contains a description, screening, and evaluation of Alternatives 12
and 13.

3.3.8.1 Alternative 12: Excavate KBPOP, Dispose at the E Area Vaults
or the SRS Soil Consolidation Facility, if Applicable

Alternative 12 involves the excavation of KBPOP soil and disposal at either the E
Area Vaults or conceptual SRS Soil Consolidation Facility. The Soil Consolidation
Facility is being discussed with agencies as an alternative strategy for off-unit disposal. .
The Soil Consolidation Facility would be a central disposal facility for SRS generated
radiologically contaminated wastes ~

Alternative 12 would be protective of human health and the environment.
Alternative 12 would permanently remove all soil-borne contamination known to be
present at the KBPOP. Short-term risk to the health of remedial workers would exist due
to the extensive handling and processing of contaminated media. With the use of
protective measures such as the use of proper protective clothing and equipment,
scheduled monitoring of area for radiation and airborne particulate levels, and strict
adherence to the project health and safety plan, remedial worker exposure can be
maintained within acceptable levels.

Alternative 12 would not involve any form of treatment that would result in a
reduction of contaminant toxicity, mobility, or volume.

Off-site disposal of low-level radioactive or mixed wastes is 1mp1ementable
however, it requires extensive waste handling.

Costs associated with Alternative 12 include the labor and materials needed to pre-
treat soil and subsoil for waste handling purposes, to excavate the wastes, to treat the
wastes following excavation for packaging and disposal requirements, to transport the
wastes, and to dispose of KBPOP soil. A review of remedy would not be required for
KBPOP soil under this alternative because concentrations of constituents remaining at
the KBPOP would not exceed the RGOs. In addition, there are no long-term operation
and maintenance costs associated with Alternative 12 since it would not involve the
construction of a soil cover. Estimated costs associated with Alternative 12 are
summarized below.
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Capital Costs $16,000,000
O&M Costs $ 0

Total Costs $16,000,000

Costs for this alternative are provided in Appendix A.

3.3.83 Alternative 13: Excavate KBPOP, Dispose of Soil at the
~ Envirocare Facility '

Alternative 13 is generally the same as Alternative 12 with the exception of the
location of the disposal facility and the costs for disposal.

The Envirocare facility is certified to accept low-level radioactive wastes and mixed
wastes from various sources including DOE facilities and has available capacity to accept
4.4E4 m3 (1.5E6 ft3; 5.5E4 yd3) of material. A number of transporters are available that
are certified and qualified to transport low-level radioactive and mixed wastes. There is
_a potential for public resistance to Alternative 13 since there is potential risk to the public
during waste transport. Approximately 300 rail gondolas or 230 truckloads of
contaminated soil would be transferred to Utah from the SRS assuming that gondolas and
haul truck capacities are 34 m3 (1,200 ft3; 44 yd3) and 13.8 m3 (486 ft3; 18 yd3),
respectively.

Costs associated with Alternative 13 include the labor and materials needed to
excavate, transport and dispose of KBPOP material. A review of remedy would not be
required for KBPOP soil under this alternative since the unit soil would contain no
hazardous substances, pollutants, or contaminants above concentration-based remediation
goals. In addition, there are no long-term operation and maintenance costs associated
with Alternative 13 since it would not involve the construction of a soil cover. Estimated
costs associated with Alternative 13 are summarized below.

Capital Costs $21,000,000
O&M Costs $ 0

Total Costs $21,000,000

3.3.84 Evaluation of Alternatives Under the General Response of Off-
Unit Disposal :

Off-unit disposal Alternatives 12 and 13 are potentially effective for protecting
human health and the environment. The potential increase in health risks to remedial
workers can be maintained within acceptable limits under these alternatives as long as
there is strict adherence to the project health and safety plan. The short-term risk to
human health is greater under Alternative 13 because Alternative 13 would involve
transport of contaminated soil greater than 3,200 km (2,000 mi) to the Envirocare
facility, as opposed to disposing of the soil on SRS property under Alternative 12. The
greatest risk to the public would most likely be in the form of traffic-related accidents.
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The estimated present worth cost of Alternative 13 is higher than the cost of
Alternative 12. The difference in present worth costs are attributed to higher disposal
costs associated with the Envirocare Facility and transportation costs.

Alternatives 12 and 13 are both effective for protecting human health and the
environment, and are implementable. While both alternatives would permanently-
remove contaminated soil from the KBPOP , Alternative 13 involves an increased risk to
human health and the possible opposition of the public to long-distance transport to the
Envirocare facility.” Because Alternative~13-involves -significantly greater -cost than
Alternative 12, it will be rejected from further consideration.

3.4 SUMMARY OF KBPOP ALTERNATIVE SCREENING

In this section, the results of screening potential remedial alternatives will be
provided. Table 3.1 summarizes each alternative, its status, and-the reasons for its status.
The only No Remedial Action alternative was retained as required by the NCP. Three
containment alternatives were evaluated; Alternative 3 (Soil Cover) was retained for
detailed analysis. Of the in-situ treatment alternatives in -situ stabilization of soil and
debris (Alternative 6) was retained and Alternatives 7 and 8 were rejected on the basis of
implementability and cost. Of the ex-situ treatment alternatives, ex-situ stabilization of
soil and debris (Alternative 10) was retained and Alternative 9 was rejected on the basis
of effectiveness and cost. Of the two off-site disposal alternatives, disposal at the E-Area
Vaults or the Soil Consolidation Facility (Alternative 11) was retained and Alternative 12
(disposal at the Envirocare facility) was rejected on the basis of cost. The retained
KBPOP remedial alternatives will undergo detailed analysis in Section 4.

The following alternatives were retained for further analysis:

Alternative 1:  No Remedial Action

Alternative 2:  Access and Deed Restrictions/Notifications
Alternative 3:  Soil Cover

Alternative 6:  In-Situ Solidification of Soil & Debris, Soil Cover

Alternative 11: Excavate soil and debris, solidify/stabilize soil, backfill treated soil
and debris; soil cover

Alternative 12:  Excavation of Debris and Soil, Disposal in E-Area Vaults or Soil
‘Consolidation Facility, if applicable.

3.5 ANALYSIS OF GROUNDWATER NO REMEDIAL ACTION
ALTERNATIVE
No remedial actions would be conducted under this alternative, and no limitations

would be placed on future uses of the site. Reduction of contamination levels would
occur through natural processes.

3-26

I\BINGHAM\K_FS\REV I\SECTIONS\S-3.WW6




K-Area Bingham Pump Outage Pit _ WSRC-RP-96-831, Rev. 1
FS Report February 1997

The RI concluded that the KBPOP is not impacting groundwater. Constituents were
not observed to have migrated horizontally and clayey zones directly underneath the base
of the pit would limit vertical migration potential. The data was interpreted to indicate
that any leaching from KBPOP has not impacted the groundwater. Therefore,
groundwater will not be addressed as part of the KBPOP activities.

A summary of the groundwater alternatives presented in Section 3.2 is presented in
Table 3.2.
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SECTION 4
DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES

~In this section, the remedial alternétive’s that wefe selected in Sectibn'3 are further
developed and are evaluated against EPA's nine criteria and against one another.

4.1 REMEDIAL GOAL OPTIONS

Remedial goal options (RGOs) were developed in the RI/BRA. The RGOs for soil
and groundwater are discussed below.

4.1.1 Groundwater Remedial Goal Options

Constituents of concern are defined as those constituents that result in a cancer risk
above 1x10¢ or a noncancer HI above 1.0 for a given exposure pathway. For
nonradiological constituents and radionuclides detected in site samples, cancer risks
exceed 1.0x10 and HIs exceed 1.0 for both hypothetical residents and workers exposed
to sampled groundwater. The constituents that contribute to these risks and hazards are
considered COCs. Remedial goal options, however, are only derived for those
constituents detected in groundwater that exceed appropriate MCL values.

Remedial goal options were not derived for I-129 and arsenic in groundwater.
Although these constituents were detected in the initial groundwater sampling round
(samples bailed from temporary piezometers), they were not detected in the confirmatory
sampling of permanent monitoring wells that were sampled using methodology. designed
to eliminate excess silt in the samples. Consequently, they are not considered to be
COCs in groundwater at the KBPOP. Based on these conclusions of the RI and BRA,
remedial options for groundwater will not be considered in this FS. '

412  Soil Remedial Goal Options

External exposure of hypothetical receptors to Cs-137 results in cancer risks of
1x105 (residents) and 3x10% (workers), which exceed a cancer risk of 1.0x10%. Cs-137
in soil is likely ubiquitous at the K-Area due to global radioactive fallout and is believed
not to be a risk driver. However a RGO value is derived.

The RGOs calculated for Cs-137 (from RI/BRA Report, Rev. 1.2) are:

4-1

TABINGHAM\K_FS\REV I\SECTIONS\S-4. WW6




K-Area Bingﬁam Pump Outage Pit : WSRC-RP-96-831, Rev. 1

FS Report : | February 1997
Target Cancer Risk
Receptor 1.00E-04 1.00E-05 1.00E-06
Future Worker (pCi/g) 1.06E+01 1.06E+00 1.06E-01
Future Resident (pCi/g) 2.08E+00 2.08E-01 2.08E-02

In addition to any soil remediation goals, the debris is also considered in the detailed .
analysis to prevent future exposure/contact to the debris since the debris contains low
level radioactive material to which future contact/exposure should be minimized.

4.2 INDIVIDUAL ANALYSIS OF SOIL/ DEBRIS ALTERNATIVES

The alternatives that remained after screening in Section 3 were renumbered as
follows: ' ’

_Alternétive 1 No Remedial Action
(Formerly No. 1)

Alternative 2 Access and Deed Restrictions/Notifications
(Formerly No. 2)

Alternative 3 Soil cover
(Formerly No. 3)

Alternative 4 In-Situ Solidification of soil & debris, soil cover

(Formerly No. 6)

Alternative 5 - Excavate soil and debris, solidify/stabilize soil, backfill

(Formerly No. 11) treated soil and debris, construct soil cover

Alternative 6 Excavation of Debris and Soil, Disposal in E-Area Vaults

(Formerly No. 12) or Soil/Debris Consolidation Facility (SDCF), if
applicable.

In this section, these six alternatives will be screened on the basis of USEPA’s nine
criteria for detailed assessment (EPA 1988). These criteria are shown on Table 4.1.

4.2.1 Alternative No. 1: No Remedial Action
4.2.1.1 = Description

No remedial actions would be conducted under this alternative, and no limitations
would be placed on future uses of the site. All contaminated soil and debris is within the
site boundaries. The site is within the SRS facility and is not accessible to the public.
The debris is covered by four feet of fill, currently preventing direct contact.

42
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4.2.1.2 Assessment
Overall Protection of Human Health and the Environment

~ Based upon a review of the six criteria evaluated below, this alternative is shown to
provide adequate protection of human health and the environment in the near future,
Implementation of this alternative would pose no increase in risks.

Long-term protection of human health and the environment may not be achieved
because no physical controls would exist to prevent erosion of the cover and subsequent
exposure to debris. Also, no institutional controls would exist to prevent the hypothetical
future-use scenario of site development for residential use.

Compliance with ARARs

- No Federal or State chemical-, location-, or act10n-spec1ﬁc ARARs have been
identified for this alternative.

4 Long-term Effectiveness and Permanence

The residual risk remaining under this alternative is less than the EPA's acceptable
upper limits.

This alternative provides no assurances that current conditions will remain in the
future. With no institutional or physical controls, a hypothetical future scenario has been
identified in which the site could be developed for residential use. Under this
hypothetical scenario, the debris and contaminated soil would be brought to the surface.
Both child and adult receptors would be exposed to contaminated material through
ingestion, dermal contact, inhalation of contaminated particulates, and inhalation of
organic vapors. The magnitude of potential risks from these pathways under the
hypothetical future scenario was calculated. Under this alternative, the residual risk -
would not exceed EPA's acceptable limits under the hypothetical future use scenario.

Also, this no-action alternative would provide no permanence. Without periodic
inspections and repairs, the existing cover could erode, allowing human and
environmental contact with the underlying debris.

Erosion of the cover could also lead to increased leaching of contaminants from the
debris as surface water infiltrates through the fill.

Reduction of Toxicity, Mobility, and Volume

Treatment would not be employed under this alternative. There would be no

reduction in the toxicity, mobility, or volume of toxic substances or of contaminated
media.

4-3
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Short-term Effectiveness

This alternative offers short-term effectiveness in meeting RAOs because human
health risks and environmental threats are acceptable under current conditions. The
_existing cover is vegetated, and excessive erosion of the cover has not been .observed.
Excessive erosion over the next several years is not anticipated. Because no remedial .
actions would be implemented, short-term threats to workers, the local community, or the
environment would not be posed by this alternative. '

Implementabiiigg

There are no technical or administrative constraints to the implementation of this
alternative because no remedial actions are required.

Cost

As shown on Table 4.2, this. alternative has no capital costs. The present worth of
this alternative is $280,000. This cost is the cost required for five year reporting for
thirty years. '

4.2.2 | Alternative No. 2: Access and Deed Restrictions -
4.2.2.1 Description

Under this alternative, the site would remain undisturbed. A fence would be built
around the perimeter of the BPOP to prevent SRS workers from entering the area.
Periodic inspections would be conducted and maintenance would be performed to help
ensure that the cover remains intact. Maintenance, as needed, would consist of semi-
annual mowing and repair of damaged fencing. Minor drainage modifications may be
conducted as needed to prevent ponding and promote surface water runoff. '

Limitations would be placed on future uses of the site. A survey plat indicating the
location of the waste disposal area with respect to permanently surveyed benchmarks
would be prepared and filed with the local zoning authority. The plat would contain a
note, prominently displayed, which states the owner's obligation to restrict disturbance of
the waste.

4.2.2.2 Assessment
Overall Protection of Human Health and the Environmelit

Alternative No. 2 meets all of the RAOs for soil through limitations on site
development, by preventing inadvertent site access, and by preventing potential long-
term direct contact with contaminated materials.

Based upon a review of the six criteria evaluated below, this alternative is shown to
provide adequate protection of human health and the environment in the near future.
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Long-term protection of human health and the environment would be achieved through
deed restrictions and maintenance of the cover and fence.

Implementation of this alternative would pose no increase in risks to onsite workers,
the local community, or the environment because the cover would not be disturbed and
contaminated media would not be exposed during implementation of the remedy.

Compliance with ARARs

No Federal or State chemical-, location-, or action-specific ARARs have been
identified for this alternative.

Long-term Effectiveness and Permanence

The residual risk under this alternative is the same as that determined in the BRA.
The carcinogenic risks for current exposures are below the EPA’s acceptable limits. The
noncancer hazard index is below the EPA’s maximum acceptable hazard index.
Therefore, under current conditions, the risks presented by the site would be within the
EPA’s acceptable limits.

The BRA also examined hypothetical future exposure scenarios. The noncancer
hazard indices calculated for the future scenarios were each less than the EPA’s
maximum acceptable limit.

This alternative would further reduce the future risks presented by the site by
limiting or preventing future exposure pathways.

Reducticn of Toxicity, Mobility, and Velume

Treatment would not be employed under this alternative. All contaminated media
would remain onsite and there would be no reduction in the toxicity, mobility, or volume
of toxic substances or of contaminated media.

Short-term Effectivenéss

No threats to workers, the local community, or the environment would be posed
during implementation of this alternative because the cover would not be disturbed and
contaminated materials would not be exposed.

Remedial action objectives would be immediately met because human exposure is
currently prevented, and would continue to be prevented during and after implementation
of the remedy.

4-5
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Implementability

There are no technical or administrative constraints to the implementation of this
alternative. Inspections of the cover, vegetation, and perimeter fence could be performed
by personnel from SRS, or a.contractor could be hired to conduct periodic inspections.
Likewise, SRS personnel could perform routine maintenance, -or local firms could be
contracted to perform maintenance.

Placement of deed restrictions or notices would require-legal-assistance to record the
restrictions and notices on the deed. However, no administrative limitations are known.

Cost

As shown in Table 4.2, the capital costs to implement Alternative 2 would be
$21,000 to $31,000. The O&M costs associated with this alternative are estimated at
$1,600 per year in 1996 dollars. The O&M costs include periodic repairs to the site and
maintenance of the fence. ‘

The estimated present worth for this alternative, including capital costs and 30 years
of O&M and reporting, ranges from $320,000 to $330,000. Detailed cost estimate
breakdowns are contained in Appendix A.

4.2.3  Alternative No. 3: Soil Cover
. 4.2.3.1 Description

Under this alternative, the site would be covered by a low-permeability soil cover.
This alternative involves grading and clearing the site as necessary, and constructing a
soil cover with a minimum thickness of three feet and a nominal in-place saturated
hydraulic conductivity of 1 x 105 cm/s or less. The soil cover would have an upper
surface with a slope of three to five percent to promote surface water runoff and to
minimize surface erosion. A topsoil layer having a minimum thickness of three to six
inches would be placed on top of the soil cover. The topsoil would be seeded with native
grasses to increase evapotranspiration. The topsoil layer would also protect the soil
cover from damage due to erosion, frost, and burrowing animals.

The soil cover would be placed over an area of approximately 2,600 m2 (28,000 ft2).
The soil cover dimensions would be approximately 69 feet by 410 feet, which extends
five feet beyond each side of the KBPOP.

4.2.3.2 Assessment
Overall Protection of Human Health and the Environment

Alternative No. 3 meets all of the RAOs for soil through elimination of exposure
pathways to contaminated soils. Based upon a review of the six criteria evaluated below,
this alternative is shown to provide adequate protection of human health and the
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environment in the near and long-term future. The contaminated material would be
isolated by the soil cover. In addition, contaminant mobility would be minimized by
reductions in infiltration and erosion.

Compliance with ARARs

No chemical-specific or location-specific ARARs have been identified for this
alternative. Portions of the following regulations were identified as potential action-

e 40 CFR 264.111 - Closure performance standard; and

e 40 CFR 264.114 - Disposal or decontamination of equipment, structures, and
soils.

Implementation of this alternative would result in compliance with all of the
potential ARARSs.

The alternative meets the requirements of 40 CFR 264.111, which states that closure
must be conducted in a manner that minimizes the need for further maintenance and
controls, minimizes, or eliminates escape of hazardous waste. By meeting the minimum
design requirements for a low-permeability soil cover, maintenance will be minimized.

The alternative would meet the requirements of 40 CFR 264.114, which requires that
contaminated equipment, structures, and soils be properly disposed of or decontaminated.
Any equipment that contacts hazardous materials would be decontaminated. No
contaminated structures or soils are expected to be encountered during implementation of
this alternative.

Long-term Effectiveness and Permanence

Risk to human health or the environment would be eliminated following
implementation of this remedy because the soil cover would prevent human and
environmental receptors from contacting contaminated media.

The soil cover would offer adequate and reliable protection. Soil covers are
commonly constructed for similar uses and have been found effective and reliable.
Periodic maintenance would assure the soil cover's long-term integrity.

Reduction of Toxicity, Mebility, and Volume

Treatment would not be employed under this alternative, and contaminated media
would remain onsite. Implementation of Alternative No. 3 would not reduce the toxicity
or volume of contaminated soil onsite. This alternative will reduce the mobility of the
contaminants by reducing contact of infiltrating surface water with contaminated
soil/debris.
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Short-term Effectiveness

No impacts to the surrounding community are anticipated during the implementation
of this remedy. Soil cover construction will not result in exposure to contaminated -
media.

Work onsite would be conducted in accordance with Occupational Safety and Health
Administration (OSHA) regulations for work on hazardous waste sites, as well as general
OSHA work safety requirements.: Workers -are unlikely to- be exposed to contaminated
media because construction of the soil cover does not require excavation of contaminated
materials. Radiation levels would be monitored during onsite activities.

Remedial action objectives would be immediately met. Currently, no human or
environmental exposures are occurring, so the RAOs are currently met and would
continue to be met during and after implementation of the remedy. Alternative No. 3 i is
expected to requlre approximately two months of onsite activity to complete.

Implementablllty

No implementation restrictions have been identified for this remedy. Soil cover
design and construction utilize proven technologies and no site limitations have been
identified that would preclude their use at this site. The equipment and materials are
readily available and are reliable. Remediation contractors experienced in the
implementation of this technology at hazardous waste sites are available.

Cost

As shown in Table 4.2, the capital costs to implement Alternative 3 would be
$280,000 to $320,000. The O&M costs associated with this altematlve are estimated at
$2,600 per year in 1996 dollars.

The estimated present worth for this alternative, including capital costs and 30 years
of O&M costs, ranges from $600,000 to $640,000. Detailed cost estimate breakdowns
are contained in Appendix A.

4.24  Alternative No. 4: In-situ Solidification of Soil and Debris; Soxl Cover
424.1 Description

Under this alternative, a concrete-based agent would be injected into the site and
mixed with the soil and debris to form a solidified mass. The concrete material is
injected into the ground in columns. The columns are placed in an overlapping pattern to
provide treatment over the entire target area. The solidification process would produce a
monolithic structure which would eliminate or reduce the mobility of the contaminants.
The treated site would then be covered with a soil cover as described under alternative 3.
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Preliminary testing of the site would be required to determine the appropriate ratio
of water to cement required for the site. Testing to determine any special techniques
needed to effectively treat the debris material would also be required.

-4.2.4.2 Assessment
Overall Protection of Human Health and the Environment

Alternative No. 4 meets all of the RAOs through elimination of exposure pathways
and reductions in contaminant mobility. Based upon a review of the six criteria evaluated
below, this alternative is shown to provide adequate protection of human health and the
environment in the near and long-term future. The contaminated material would be
isolated by the soil cover. In addition, contaminant mobility would be minimized by
solidification and reductions in infiltration and erosion.

Compliance with ARARs

, No chemical-specific or location-specific ARARs have been identified for this
alternative. Portions of the following regulations were identified as potential action-
specific ARARs:

e 40 CFR 264.111 - Closure performance standard; and

¢ 40 CFR 264.114 - Disposal or decontamination of equipment, structures, and
soils.

Implementation of this alternative would result in compliance with all of the
potential ARARSs.

The alternative meets the requirements of 40 CFR 264.111, which states that closure
must be conducted in a manner that minimizes the need for further maintenance and
controls, minimizes, or eliminates escape of hazardous waste. By meeting the minimum
design requirements for a low-permeability soil cover, maintenance will be minimized.

The alternative would meet the requirements of 40 CFR 264.114, which requires that
contaminated equipment, structures, and soils be properly disposed of or decontaminated.
Any equipment that contacts hazardous materials would be decontaminated.

Long-term Effectiveness and Permanence

Treatment would not completely eliminate the risk to human health or the
environment because solidification would only immobilize, not remove, contaminants.
Contaminants would remain in the soil and debris, posing a potential threat from
ingestion or direct contact.

The potential threat to human health and the environment would be reduced
following implementation of this alternative because the installation of the soil cover

4-9

EABINGHAM\K_FS\REV I\SECTIONS\S-4.WW§




K-Area Bingham Pump Outage Pit _ WSRC-RP-96-831, Rev. 1
FS Report o February 1997

over the solidified material would prevent human and environmental receptors from
contacting the contaminated media.

The soil cover would reduce the amount of surface water infiltrating the site.
~ Solidification would reduce or eliminate migration of contaminants from soil or debris to
infiltrating surface water.

Solidification is an established technology that can be used for immobilization of
~inorganic contaminants. Testing during-implementation would assure that the technology
would be effective.

Reduction of Toxicity, Mobility, and Volume

Solidification would provide effective reduction or elimination of the mobility of
site contaminants. The total volume of contaminated material would be increased by up
to 100 percent of the original volume. The total mass of inorganic contaminants would
remain unchanged. This alternative was considered, however, because the soil cover
would further reduce contaminant migration by limiting surface water infiltration.

Short-term Effectiveness

Implementation of this alternative would produce only limited exposures of workers
to contaminated material. Because excavation is not required, exposure to contaminated
materials and/or fugitive dust would be minimal. Limited exposures would be required
to perform process confirmation testing. Personnel protective equipment would be
utilized during all activities to further protect onsite workers. Radiation levels would
also be monitored during onsite activities.

The RAOs would not be achieved through treaiment, but would be achieved once the
soil cover is in place. This alternative is not expected to require more than 3 months to
implement. _ - ’ h

Implementability

Treatment and soil cover construction are both implementable using readily
available materials and equipment. Implementation of treatment could be hindered by
the presence of debris. The debris could cause incomplete treatment of contaminated
materials, and special grouting procedures may need to be developed.

Soil cover design and construction utilize proven technologies and no site limitations
have been. identified that would preclude their use at this site. The equipment and
materials are readily available and are reliable. Remediation contractors experienced in
the implementation of these technologies at hazardous waste sites are available.

4-10
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Cost

As shown 'in Table 4.2, the capital costs to implement Alternative 4 would be
$1,800,000 to $2,600,000. The O&M costs associated with this alternative are estimated
at $2,600 per year in 1996 dollars. :

The estimated present worth for this alternative, including capital costs and 30 years
of O&M costs, ranges from $2,100,000 to $2,900,000. Detailed cost estimate
-breakdowns are-contained in-Appendix A. : : - .

4.2.5 Alternative No. 5: Excavate Soil and Debris, Solidification of Soil,
Backfill Treated Soil and Debris; Soil Cover

4.2.5.1 Description

Under this alternative the identified soil and debris would be excavated by backhoe
or similar means. Excavation would extend to four feet below the lower boundary of the
debris. The excavated material would then be staged at the site. Impermeable tarps
would be placed on the ground prior to placement of the excavated material and similar
tarps would also be placed over individual piles to avoid producing airborne particulates
and contaminated runoff. Other containment measures would be implemented as needed.

Debris would be separated from the soil using mechanical means such as screens and
electromagnets. The excavated soil would be treated by solidification with Portland
cement. The material would be mixed with the cement to form solid blocks that would
eliminate or reduce the mobility ‘of the contaminants. Preliminary testing would be
required to determine an appropriate ratio of cement to soil and/or debris.

The debris and treated soil would then be backfilled into the excavation. A soi_l
cover, as described in Section 4.2.3, would be constructed over the site.

4.2.5.2 Assessment
Overall Protection of Human Health and the Environment

~ Alternative 5 meets all of the RAOs through elimination of exposure pathways and
reductions in contaminant mobility. Based upon a review of the six criteria evaluated
below, this alternative is shown to provide adequate protection of human health and the
environment in the near and long-term future.

Excavation will present limited short-term potential exposures to workers.
Following completion of remedial activities, the contaminated material would be isolated
by the soil cover. In addition, the mobility of contaminants in the soil would be
minimized by solidification and by reductions in infiltration and erosion.
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Compliance with ARARs

No chemical-specific or location-specific ARARs have been identified for this
remedial alternative. Portions of the following regulations were identified as potential
action-specific ARARSs:

s 40 CFR 264.111 - Closure performance standard;

e 40 CFR 264.114 - Disposal or decontamination of equipment, structures, and
soils: oA T

e 40 CFR 264.251 - Waste pile design and operating requirements;

e 40 CFR 264.258(a) - Requirements for closure of waste piles;

Implementation of this altemaﬁve would result in compliance with all of the
potential ARARSs.

The alternative meets the requirements of 40 CFR 264.111, which states that closure
must be conducted in a manner that minimizes the need for further maintenance and
controls, minimizes, or eliminates escape of hazardous waste. By applying a 24-inch
thick vegetated topsoil cover, site maintenance will be minimized. The release of
hazardous substances would be minimized because the stabilized matrix will immobilize
the inorganic contaminants and prevent leaching of contaminants into groundwater.

The alternative would meet the requirements of 40 CFR 264.114, which requires that
- contaminated equipment, structures, and soils be properly disposed of or decontaminated.
Any equipment that contacts hazardous materials would be decontaminated. Any
hazardous materials generated during the implementation of this alternative will be
properly disposed of.

Waste piles would be constructed and operated in a manner that complies with 40
CFR 264.251, which specifies waste pile design and operating requirements. The waste
piles would be closed in compliance with 40 CFR 264.258(a), which provides
requirements for the closure of waste piles.

Long-term Effectiveness and Permanence

Treatment would not completely eliminate the risk to human health or the
environment because solidification would only immobilize, not remove, inorganic
contaminants. Contaminants would remain in the soil and debris.

The potential threat to human health and the environment would be reduced
following implementation of this alternative because the installation of the soil cover
over the debris and solidified material would prevent human and environmental receptors
from contacting the contaminated media. '
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The soil cover would reduce the amount of surface water infiltrating the site.
Solidification would reduce or eliminate migration of contaminants from soil or debris to
infiltrating surface water.

Solidification is an established teéhnology that can be used for immobilization of
inorganic contaminants. Testing during implementation would assure that the technology
would be effective.

Reduction of Toxicity, Mobility, and Velume

Solidification would provide effective reduction or elimination of the mobility of
site contaminants. The total volume of contaminated soil would be increased by up to
100 percent of the original volume. The total mass of inorganic contaminants would
remain unchanged. This alternative was considered, however, because the soil cover
would further reduce migration by limiting surface water infiltration.

Short-term Effectiveness

Excavation of soil and debris for treatment would result in fugitive dust being
released to the atmosphere, potentially exposing onsite workers. No residents are
believed to live close enough to the site to be exposed to any potential threat from
fugitive dust.

Air monitoring would be conducted during excavation and treatment activities to
assure that unacceptable exposure levels for workers do not occur. Personnel protective
equipment would be utilized during all activities to further protect onsite workers.
Radiation levels would also be monitored during onsite activities.

The RAOs would not be achieved through treatment, but would be achieved once the
soil cover is in place. This alternative is not expected to require more than 3 ‘months to
implement.

' Implementability

"Treatment and soil cover construction are . both implementable using readily
available materials and equipment. No 1mplemcntat10n restrictions have been identified
for this remedy. Soil cover design and construction utilize proven technologies and no
site limitations have been identified that would preclude their use at this site. The
equipment and materials are readily available and are reliable. Remediation contractors
experienced in the implementation of these technologies at hazardous waste sites are
available.
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Cost

As shown in Table 4.2, the capital costs to implement Alternative 5 would be
$2,000,000 to $3,300,000. The O&M costs associated with this alternative are estimated
at $2,600 per year in 1996 dollars.

The estimated present worth for this alternative, including capital costs and 30 years
of O&M costs, ranges from $2,300,000 to $3,600,000. Detailed cost estimate
brcakdowns are contained in Appendix A.

4.2.6 Alternatlve No. 6: Excavate Debris and Soil; Dispose at E-Area
Vaults or Soil/Debris Consolidation Facility, if applicable

4.2.6.1 Description

Alternative No. 6 would require excavation by backhoe or similar means and
removal of an estimated 13,150 cubic yards of soil and debris. Excavation would extend
to four feet below the lower boundary of the debris. The excavated material would be
hauled from the site and disposed at either the E-Area Vaults or the Soil/Debris
Consolidation Facility.

The excavation would be backfilled with soil and seeded.

4.2.6.2 Assessment
Overall Protection of Human Health and the Environment

Alternative 6 provides protection of human health and the environment by removing
the contamination from the site. Alternative 6 meets all of the RAOs through complete
source removal, which eliminates the potential for long-term direct contact with
contaminated soil or debris. Excavation will present limited short-term exposures to
workers.

Compliance with ARARs

No chemical-specific or location-specific ARARs have been identified for this
remedial alternative. Portions of the following regulations were identified as potential
action-specific ARARs:

e 40 CFR 264.111 - Closure performance standard;

« 40CFR 264.114 - Dlsposal or decontamination of equipment, structures, and
soils;

» 49 CFR Part 107 - Requirements for transportation of hazardous waste.

Implementation of this alternative would result in compliance with all of the
potential ARARs.
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The alternative meets the requirements of 40 CFR 264.111, which states that closure
must be conducted in a manner that minimizes the need for further maintenance and
controls, minimizes, or eliminates escape of hazardous waste. Removal of the
contaminated soil and debris will eliminate the contaminant source from the site and.
therefore meet the criteria.

The alternative would meet the requirements of 40 CFR 264.114, which requires that
contaminated equipment, structures, and soils be properly disposed of or decontaminated.
Any equipment that contacts—hazardous  materials- would be decontaminated. -Any
hazardous materials generated during the lmplementatlon of this alternative will be
properly disposed of.

Transportation of hazardous waste would be conducted in compliance with the
requirements for transportation of hazardous waste as specified in 49 CFR Part 107.

Long-term Effectiveness and Permanence

_ This alternative provides long-term and reliable effectiveness because all
contaminated material is removed from the site. No soil threat would remain at the site
after the remediation is complete.

Reduction of Toxicity, Mobility, and Volume

Implementation of Alternative 6 will permanently reduce the concentrations of
contaminants present at the site to residual levels below RAOs. However, contaminants
and the threat of exposure to the contaminants would be transferred to another site.

Shorti-term Effectiveness

Excavation of soil and debris would result in fugitive dust being released to the
atmosphere, potentially exposing onsite workers. No residents are believed to live close
enough to the KBPOP to be exposed to any potential threat from fugitive dust.

Air monitoring would be conducted during excavation activities to assure that
unacceptable exposure levels for workers do not occur. Personnel protective equipment
would be utilized during all activities to further protect onsite workers. Radlatlon levels
would also be monitored during onsite activities.

The RAOs would be achieved on completion of the excavation and transportation of
the contaminated materials. This alternative is not expected to require more than 2
months to implement. -
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Implementability

Excavation and transport of contaminated soil and debris can be conducted. using
standard equipment. Contractors for hazardous waste excavation and transport are
- readily available.

Implementation of this alternative is dependent upon available space at either the E-
Area vaults or the consolidation facility and the materials meetmg appropnate disposal
criteria for these areas.

Cost

As shown in Table 4.2, the capital costs to implement Alternative 6 would be
$16,000,000 to $17,000,000. This alternative does not have any O&M costs associated
with it. Detailed cost estimate breakdowns are contained in Appendix A.

4.3 SOIL/ DEBRIS COMPARATIVE ANALYSIS

A summary of the comparative analysis is presented as Table 4.3, found at the end of -
this section.

4.3.1  Overall Protection of Human Health and the Environment

.All alternatives provide immediate protection because the debris is covered and no
short-term health concerns were identified. Alternative 1 provides the least long term.
protection because erosion or development could increase exposure. Alternatives 4 and 5
provide the most protection for all alternatives which leave the contaminated materials in
place because exposure pathways are limited through treatment. Alternative 6 provides
the greatest protection of all because the contaminated material is removed from the site.
Alternatives 2 and 3 each offer improvements in protection through reduced exposure
potential.

4.3.2 Compliance With ARARs
All alternatives comply with all identified ARARs.

4.3.3 Long-term Effectiveness and Permanencé

Alternative 1 .provides the least long-term effectiveness because the threat of
exposure may increase as the cover becomes eroded. The residual risk present at the site
is the same for Alternatives 1 through 5 because contaminants will remain at the site.
However, Alternatives 4 and 5 provide the greatest degree of control over potential
exposures. Alternatives 2 and 3 also provide added controls for limiting future
exposures. Alternative 6 provides the greatest protection and controls because the
contaminated material is removed from the site.

All alternatives except Alternative 6 require 5-year review becauise contaminated
material would be left on site.
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4.3.4 Reduction of Toxicity, Mobility, or Volume Through Treatment

None of the alternatives reduce the toxicity or volume of contaminated material in
existence. Alternative 6, however, does reduce the volume of contaminated material at
the KBPOP through removal to another location. Alternative 3 provides mobility
" reduction through the placement of a soil cover. Alternatives 4 and 5 each offer greater
reductions in mobility by implementing solidification in addition to the placement of a
soil cover. However, these alternatives each will increase the volume of contaminated -
material by up to 100%. Alternatives 1 and 2 provide no reductions in toxicity, mobility,
or volume.

4.3.5 Short-term Effectiveness

None of the alternatives present any threats to surrounding communities.
Alternatives 1 and 2 do not require intrusive on-site work, so no worker exposure
concerns are presented by these alternatives. Alternative 3 is not expected to present any
significant worker exposure either, as soil cover construction w111 not generate significant
contact with the contaminated material. -

Alternatives 4, 5, and 6 each involve contact with the contaminated material, and
therefore present some degree of worker risk. Because Alternative 4 provides in-situ
treatment, contact would be minimal and the worker risk would be less than for
Alternatives 5 and 6. Alternatives S and 6 each require excavation and therefore present
the highest levels of worker exposure. Adequate personal protection could be provided
for workers under each alternative.

None of the alternatives would require significant amounts of time to complete. A
maximum of 3 months is estimated for completion of on-site activities.

4.3.6 Implementability

No major implementation problems were identified for Alternatives 1, 2, 3, and 5.
Alternatives 4 and 5 may present minor difficulties in selection of qualified contractors.
Alternative 4 may also present potential implementation problems because of
requirements for grouting through debris. Alternative 6 presents potential
implementation problems because the availability of space at the disposal facilities may
hinder disposal. Evaluation of regulatory and acceptance criteria would also be required.

43.7 Cost

Cost comparisons are shown in Table 4.2.
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Table 4.1 Criteria for Detailed Evaluation of Remedial Alternatives

OVERALL PROTECTION COMPLIANCE WITH ARARS «
OF HUMAN HEALTH
AND THE ENVIRONMENT
e How Alternative Provides Human Health ¢ mance With Chemical-Specific
and Environmental Protection
e Compliance With Action-Specific
ARARs
e Compliance With Location-Specific
¢  Compliance With Other Criteria,
Adyvisories, and Guidances
LONG-TERM REDUCTION OF TOXICITY, SHORT-TERM IMPLEMENTABILITY - COST
EFFECTIVENESS AND MOBILITY, AND VOLUME EFFECTIVENESS ‘
PERMANENCE THROUGH TREATMENT :
* Magnitude of Residual o Treatment Pocess Used and e Protection of » Ability to Construct ¢ Capital Costs
Risk Materials Treated Community During and Operate the
. Remedial Actions Technology :
o Adequacy and * Amount of Hazardous ¢ Protection of # Reliability of the ® Operating and
Reliability of Controls Materials Destroyed or Workers During Technology Maintenance
' Treated Remedial Actions Costs
¢ Degreee of Expected » Environmental ¢ Ease of Undertaking ® Present Worth
Reduction in Toxicity, Impacts Additoinal Remedial Cost
Mobility, and Volume Actions, if Necessary
¢ Degree to Which Treatinent e Time Until ¢ Ability to Monitori
is Irreversible Remedial Action Effectiveness of
Objectives are Remedy
Achieved '
e Type and Quantity of ¢ Ability to Obtain
Residuals Remaining After Approvals from Other
Treatment Agencies
¢ Coordination With
Other Agencies
Ay Ot
1 y
ACCEPTANCE and Disposal Facilities
and Capacity
o Availability of
Necessary Equipment
~ and Specialists
COMMUNITY . Availabi%ity of
ACCEPTANCE! Prospective
Technologies

IThese criteria are assessed following comment on the RI/FS report and the proposed plan.
Source: From EPA 1988. ‘




TABLE 4.2
ESTIMATED CAPITAL AND PRESENT WORTH COSTS
OF REMEDIAL ALTERNATIVES FOR SOIL AND DEBRIS

Savannah River Site
K-Area BPOP
Capital Cost Present Worth
, ($ x 1000) ($ x 1000)
Alternative Low High Low High

1 No action $0 $0 $280 $280
2 Access and deed restrictions $21 $31 $320 $330
3 Soil cover $280 $320 $600 $640
4 In-situ solidification of soil and debris; soil cover . $1,800 $2,600 $2,100 $2,900
5 Excavate soil and debris; solidification of soil; backfill '

treated soil and debtis; soil cover : $2,000 $3,300 $2.300 $3,600
¢ Excavate soil and debris; dispose at E-Area vaults or .

consolidation facility, if applicable $16,000 $17,000 $16,000 $17,000

All costs are in thousands of dollars.

Alternative 2 assumes approximately 0.5 acres attended.

soil cover extending 5 feet beyond the pit boundaries.

extending 5 feet beyond the pit boundaries.’

Alternative 6 assumes E-Area disposal costs and ten mile round trip for disposal.

All Alternatives excepi Alternative 6 (off site disposal) include costs for Agenéy Reporting.

Alternative 3 assumes the muitilayer soil cover will extend five feet beyond the pit boundaries.

Alternative 4 assumes 13,150 cubic yards of material treated with 50 to 100 percent cement and a multilayer

Alternative 5 assumes 7,900 cubic yards of debris and 5,250 cubic yards of soil and a multilayer soil cover
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APPENDIX A
( COST ESTIMATE DETAILS




O&M and Present. Worth Calculations Soll Alternative No. 1

(’ No Action
Activity Quantity Unit Rale Low Estimate High Estimate
Annual O&M cosfs
Present Worth O&M costs S0 S0
Interest Rate 0.05
Number of Years 30
Present Worth Factor = ((1+)2n)-1/i(1+D 156.37
O&M Present Worth $0 $o
Agency Reporting (1/ 5 years) Present Worth $278,200 $278,200
Total Capital Costs : $o $0
ITOTAL ALTERNATIVE #1 COST $278,200 - $278,200 |
£\ 728769\ Document\RevIT-SOIL-1.XLS
SHEET "Present Worth®

02/18/97 8:51




158 L&/81/20

4900 PUdOD, LIS

ST 1WOS-A\ 1A WLIBUNSOO\ 69972\

eJbuls3 UoHoe (q
OOWs3 53 suosiod (o
Djo}-aQng
08$ w/ 08$ sy sy UD|CIOM eAljouielY [DIpewey | &' o
08$ Y 08¢ sy sy (d1e'Bupuued '$gH) suoid yoddng | g'¢ o
08$ w/ 08$ Siy Siy SjuewNOopP 8InsoId | L€ D
wins duwin) wins dwin) wins duwin| Buideaing | ¢9'¢ o}
wins-dun) wns duin| wns dunj YIUOW | -4uBisien) | ¢ o}
wins duwiny wins duan) wns dwiny Buyooyuod g Buppig | e o}
wns dwn) wns duin wns duiny soedg/subid ubiseq | ¢'¢ o}
08 Wy 08$ jsy sy upjdyiom uBjseq iopewsy | z'e o
wins dwny wns dwin wns duwin| JjusweBouppy BupeeuBul 1'e ]
) SISOO ONRIFINIONI 0t
08 0$ $§1500 Uogonysuo) jojol
0$ 08 %01 @ AoueBuyuod
03 0% 1040}
0s 08 ojogng
0s 0% yuow/  000°'L$  wuow/  000'L$ syjuows SSIHINN PUR JB|IDIL} T o]
0$ 0$ ojdwios/  0g$ eldwos/ 05$ sejdwios Budwog/Buyse] jlog uojonysued dod| 12 o]
SNOINVTIIOSING 0T
0$ 0s ojo4-qng
0$ 0$ 4 bs/ S00$  ybs/ £00$ $bso (Bupees) uoyoieBep] 9| o
08 0$ PADIOND/ Gi$ PA2IGNo/ 009$ SPA 2jano 0 (£)(sseunoju unioyun ,9) 450D AleAlleq PUD 8sDYDIN -10AD] [losdot| ¢t o
0$ 0$ pA OGN/ Zi$ pAoano/ 00§ spA2igno 0 (£)ssexoiy uuogun g°1) §80D AleAleq PUD mouog -IADT 108/puos| | o
0$ 0s pAoigno/ G1$ pAoand/ 00°vs spAoigno o (O(e)(ssewiojuy *duwiod uuojun 2) 1500 Alealeq puo mouog - Aojd| g1 o]
0§ 0$ 4 bs/ TS Hbs/ A4S ybs ©X(1) uoyonysuod dod| z1 q
0$ 0$ 000'6Z$ 000'8Z$ uoyozZiqoweq/uolnIqoOn| t'l o]
dVO AVIO| 0°L
YoIH MOY ejouwysa ybiH ©{DWIYST MO] ojolys3
{500 pejoulys3 ojny hun Kjuony jueuodwo) §s65 soiny
0 821n0%

1 "ON JAUVNIALTY 1IOS
AIVINLST 1SOD TVIIdVYD




) - . O&M and Present Worth Calculations
( Soll Altemative No. 2
‘ Access and Deed Restrictions

Aclivity Quantity Unit Rate Low Estimate High Estimate
Annual O&M costs
Mowing and Inspection - semiannual 2 peryear  $500 $1,000 $1,000
Repairs - Soll additions/spreading. ,
reseeding, misc) 0.5 acre $1.000 $500 $500
Fence Repdir/ Maintenance 104f $6-518 $60 $180
Present Worth O&M costs $1,560 51,680
Interest Rate 0.05
Number of Years 30
Present Worth Factor = ((1+)2n)-1/ I(1+D n 15.37
O&M Present Worth _ $23,981 $23,981
Agency Reporting (1/ § years) Present Worth $278,200 $278,200
Total Capital Costs $21,360 $31,480
[TOTAL ALTERNATIVE #2 COST $323,541 $333,661 |

£\1728769\Document\Rev1\T-SOIL-2XLS
SHEET "Prasont Worth® 02/18/97 8:56
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O&M and Present Worth Calculations
Soil Altemative No. 3

Soll Cover

Activity Quantity Unit Rate Low Estimate High Estimate
Annual O&M costs
Mowing and Inspection - semiannual 2 peryear $500 $1,000 $1,000
Repdirs - Soil additions/spreading,
reseeding, misc) 0.54 acre $3,000 81,625 $1,625
Present Worth O&M costs $2.625 §2625
Interest Rate 0.05 ’
Number of Years 30
Present Worth Factor = ((1+)7n)-1/ i(1+D™n 15.37 :
O&M Present Worth $40,358 $40,358
Agency Reporting (1/ 5 years) Present Worth $278,200 $278,200
Total Capital Costs $284,700 $318,326

{TOTAL ALTERNATIVE #3 COST

$603,258 $636,884 |

11\728769\Document\Rev-1\T-SOIL-3.XLS
SHEET “Present Worth"

2/18/97 10:18 AM
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O&M and Present Worth Calculations
Solil Alternative No. 4
In-Situ Solidification of Soll and Debiis; Soil Cover

Activity - Quantity UnitRate Low Estimate  High Estimate

Annual O&M costs

Mowing and Inspection - semiannual 2 per year $500 $1,000 $1,000

Repairs - Soll additions/spreading. reseeding,

misc) 0.54 acre $3,000 $1.620 $1.620

Present Worth O&M costs $2.620 $2,620

Interest Rate 0.05

Number of Years . 30

Present Worth Factor = ((1+)”n)-1/i(1+D n 15.37

O&M Present Worth $40,276 $40,276

Agnecy Reporling (1/ 5 Years) Present Worth $278,200 $278,200
" Total Capltal Costs $1,770,263 $2,575,564

ITOTAL ALTERNATIVE #4 COST $2,088,739 $2,894,040 |

1\728769\ Document\Rev-1\T-SOIL-4.XLS
SHEET "Present Worth® ) 2/18/97 10:04 AM
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O&M and Present Worth Calculations
Soll Alternative No. 5

EXCAVATION OF SOIL AND DEBRIS; STABILIZATION/SOLIDIFICATION OF SOIL; BACKFILL TREATED SOIL AND
DEBRIS: SOIL COVER

Quantity Unit Rate Low Estimate  High Estimate
Annual O&M costs )
Mowing and Inspection - semiannual 2 per year $500 $1.000
Repdairs - Soll additions/spreading.
reseeding, misc) 0.54 acre $3,000 $1,620
Present Worth O&M costs $2620
Interest Rate 0.056
Number of Years 30
Present Worth Factor = ((1+)2n)-1/ i(0+D*r 15.37
O&M Present Worth $40,276
Agency Reporting (1/ 5 years) Present Worth $278,200
Total Capital Costs $1,970,671 $3,239,756
[TOTAL ALTERNATIVE #5 COST $2,289,147 - $3,558,232 |
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. O&M and Present Worth Calculations
( Soll Altemative No. 6
Excavation, Disposal in E-Area Vaults or Consolidation Facllity

Activity Quantity Unit Rate Low Estimate  High Estimate
Annual O&M cosfs $0 $0
Present Worth O&M cosfs S0 S0
Interest Rate 0.05
Number of Years . 30
Present Worth Factor = ((1+)An)-1/ i(1+D)Ar 15.37
O&M Present Worth $0 $0
Total Capital Costs $16,074,376 $16,711,826
ITOTAL ALTERNATIVE #6 COST $16,074,376 $16,711,826 |
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K-Area Bingham Pump Outage Pit WSRC-RP-96-831, Rev. 1
FS Report February 1997
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